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Mission 


Our 
Quality 
Goal 
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Pledge 


The Level One Credo 


We shall strive to be the leader in 
supplying Silicon Connectivity solutions 
and to provide a fair return on 
investment to our shareholders while 
being a responsible corporate citizen in 
our community. 


We shall strive to achieve Total 
Customer Satisfaction. 


We pledge to both external and internal 
customers that we shall strive to 
anticipate, understand, and fulfill their 
needs. We shall continuously improve 
each of our work functions to enhance 
the value of our products and services. 


Robert S. Pepper, Ph.D. 
President and CEO 
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Product Status Indicators 
In this publication the designations Advance, Preliminary and Standard are used as follows: 


Advance Information indicates a product still in the design cycle. Any specifications 
listed are engineering targets only. | | 


Preliminary Information indicates a product which has not been released to production. 
Some specifications may be changed or added after full qualifica- 
tion and production release. _ | 


Standard Product | indicates a product which has been qualified and released to 
production. 


Level One reserves the right to make changes without further notice to any products herein to improve 
reliability, function or design. Level One does not assume any liability arising out of the application or 
‘use of any product or circuit described herein; neither does it convey any license under its patent rights 
nor the rights of others. Level One products are not authorized for use as components in life support 
devices or systems intended for surgical implant into the body or intended to support or sustain life. 
Buyer agrees to notify Level One of any such intended end use whereupon Level One shall determine 
availability and suitability of its product or products for the use intended. 


Level One and Ly are registered trademarks of Level One Communications, Inc. 
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General Information 


Level One 


Providing Silicon Solutions for Communications Connectivity 


Mission | 

Level One Communications, Inc. of Folsom, 
California, is a rapidly growing dedicated pro- 
ducer of silicon solutions for complex mixed- 
signal (analog and digital) communications and 
networking connectivity applications. The com- 
pany is a recognized leader specializing in the 
development of very large scale integrated cir- 
cuit (VLSI) Application Specific Standard Prod- 
ucts (ASSPs), such as transceivers, repeaters 
and related devices used in two key areas of the 
rapidly-expanding telecommunications and data 
communications industry: 

1) Connectivity solutions for Digital Trans- 
mission systems, including fast-growing 
T1/E1 and | 

2) Connectivity solutions for Networking sys- 
tems including Local and Wide Area Net- 
works (LAN/WAN) such as Ethernet 
10Base T; datacom, and digital modems. 


A majority of the devices in Level One’s product 
line include complex functions incorporated on 
single silicon chips for applications formerly 
requiring multiple chip sets or board level solu- 
tions. 


Market Data 

With several patents, the company provides a 
wide variety of proprietary problem-solving sili- 
con connectivity solutions in today’s $2.7 bil- 
lion mixed-signal IC market which is projected 
to grow at a compounded rate of 30 percent 
annually and exceed $5 billion by 1997, accord- 
ing to VLSI Research. The two major market 
segments currently served by Level One’s prod- 
ucts are expected to grow from $800 million in 
1992 to more than $2.8 billion by 1997. 


History | 7 
Level One was founded in December 1985. The 
company’s principal investor is Warburg, Pincus 
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Capital Company of New York. As its name 
implies, Level One’s initial focus was on the 
physical layer (“layer one”) of the Open Sys- 
tems Interconnection (OSI) seven-layer network 
reference model developed by the International 
Standards Organization (ISO). In August, 1993 
the company completed an initial public offer- 
ing. A secondary offering was completed in 
February, 1994. Level One is traded on the 
NASDAQ exchange under the symbol LEVL. 
The company currently occupies two buildings 
in a Folsom, CA business park. In April, 1994, 
Level One plans to move to a new 60,000? ft. 
facility. : 


Forward Migrations 

Today Level One is adding value to its portfolio 
of more than 50 products by integrating solu- 
tions encompassing higher layers of the OSI 
model into its ICs at the data transfer/condition- 
ing layer (layer two),.as well as the network 
Switching, routing and controller layer (layer 
three). Level Ones’s products today are aimed 
directly at the growing digital telecom/datacom 
connectivity markets. These Level One solu- 
tions are essential in an age when new technolo- 
gies and customer demand are increasing the 
need for higher transmission speeds and greater 
system performance. 

As demand increases for higher trans- 
mission speeds, moving from the upper limit of 
the analog/voice domain (at 64 kilobits per sec- 
ond) to the gigabit level and even beyond, Level 
One will continue to implement its product mi- 
gration strategy by developing mixed analog/ 
digital signal processing devices required at 
these higher bit rates. The technologies and IC 
design techniques Level One has perfected for 
baseband short- and long-haul transmission 
markets are also applicable in the development 
of products for use in broadband coaxial cable 
and fiber optic systems. 
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The Electronic Superhighway | 
Level Ones’s advanced silicon connectivity so- 
lutions are key building blocks of tomorrow’s 
voice/data network and the chief enablers of the 
national information superhighway linking 
homes and businesses across the nation and 
around the globe. 


Revenue Growth & Profitability | 
Level One’s revenue growth rate has been ex- 
ceptional. In 1991, product revenues were 400% 
greater than 1990, and 1992 revenues were 175% 
greater than 1991. Product revenue for 1993 
shows a 105% growth compared with the previ- 
ous year. The company has enjoyed consistent 
profitability since the first quarter of 1992. 


Capitalization | 

Level One today has a total capitalization ap- 
proaching $50 million, including proceeds from 
the initial and secondary public offerings. The 
two offerings, coupled with consistently increas- 
ing earnings and growth, have placed the com- 
pany ona firm financial foundation which Level 
One can leverage successfully in advancing to 
the next stage of corporate development. 


Differentiation 

Level One fills a unique niche in the mixed- 
signal market. Level One made its reputation 
firstin the ubiquitous copper wire universe (which 
is still far and away the dominant industry sector 
for WAN and LAN applications) while also 
preparing to address the needs of non-copper 
transmission. This strategy will continue to guide 
Level One’s growth as the Regional Bell Oper- 
ating Companies (RBOC) and other leading 
telephone companies work with cable television 
providers to provide a full service network in the 
years ahead. The company expects that the need 
for connectivity and interoperability across 
baseband and broadband networks will require 
the mixed-signal silicon connectivity solutions 
provided by Level One. 


Installed Plant — 

While the top 12 telecommunications compa- 
nies in America today (telephone and cable TV) 
have a total combined installed plant of 430,000 
miles of coaxial cable and 6.18 million miles of 
fiber optic cable (as reported in Fortune’s April 
19, 1993 issue), there is a total of 1.325 billion 
miles of copper in place in the franchise territo- 
ries of the eight largest telephone companies 
alone. As fiber/coax installations increase (as 
evidenced by cable giant Tele-Communications, 
Inc.’s {TCI} plans to spend $2 billion on an 
eight-city fiber hub expansion program and 
PacTel’s announcement of a $16 billion fiber/ 
coax deployment in the San Francisco Bay Area), 
Level One is positioning itself to serve this 
expanding market. 


New Applications 


In order to implement the growing number of 


advanced interactive, multimedia, and enter- 
prise networking applications*, there is increas- 
ing demand for mixed-signal silicon connectiv- 
ity solutions to leverage the extensive existing . 
investments in the installed copper wire base, 
while — at the same time — gearing up to 
provide solutions to serve the growing needs of 


- the future mixed media and coax/fiber worlds. 


Level One is positioning itself to capture a 
significant share of each market sector. 


(*Applications include, but are not limited 
to: videoconferencing; Group IV Fax; edu- 
cational services; telecommuting, image re- 
trieval; modem pooling; teleconferencing; 
wide area connectivity; secure voice; leased 
line backup; desktop conferencing; file trans- 
fer; PC access; distributed computing; re- 
mote LAN; CAD, CAE, and CAM.) 


Industry Leadership , 
Major ingredients of a firm’s success can be 


found in the number of industry leadership posi- 
tions acompany achieves for itself, as well as by 
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the number of industry “firsts” and exclusive, 
sole-source products it develops. Level One 
maintains an extensive, ongoing research and 
development program to develop state-of-the- 
art silicon solutions for the mixed-signal, ana- 
log/digital transmission and networking mar- 
kets. The company’s R&D program has already 
yielded significant successes as evidenced by 
this partial list of Level One’s accomplishments: 


Transmission Achievements 


¢ A world leader in twisted-pair telecom/ | 


datacom transceivers. 

¢ Worlds’ first supplier of long-haul T1 trans- 
ceivers with a one-chip CSU for networking 

~ applications. 

¢ A complete line of fully antepeaied T1/E1 
Short-haul transceivers 
(Level One is the number one supplier in this 
market). 

e The industry’s only fully-integrated quad 
T1/E1 receivers used in the growing SONET 
multiplexing and T1/E1 test, monitoring and 
performance market. 

¢ Exclusive worldwide provider of integrated 
Clock Rate Adapters for E1 and T1 inter- 
faces. 

e The world’s first integrated Tl and E1 re- 

| peater chips based on four Level One pat- 

ents. Today Level One offers four repeaters: 
single T1, dual T1, single E1 and dual E1. 

e Organized consortium of leading manufac- 
turers to develop chips:compliant with the 
new industry standard for high-speed digital 
subscriber loop interface at T1 or E1 speeds, 
the HDSL Data Pump. 


Networking Achievements 

¢ Developed the world’s first fully integrated 
extended range transceivers for Switched 56 
Service and Dataphone Digital Service 
(DDS). 

¢ Supports the rapid growth of the LAN mar- 

_ Ket with new 10Base T Ethernet network 

interface connectivity designs. 
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e Introduced a single chip Media Attachment 
Unit (MAU) used to connect to an Ethernet 
LAN and a hub transceiver for multipoint 
repeaters. Level One is now one of the world’s 
top three 10Base T MAU suppliers. 

e The industry’s first Ethernet twisted-pair- 
to-coaxial-cable adapter IC. 

e The first firm (in 1992) to address the data 
communications industry’ s electromagnetic 
interference needs by integrating transmit 
filter functions onto a chip. 

e Developed the first multiport quad hub re- 
peater chip, the LXT914, with integrated 
transmit filters for 10Base T networks. 


Unique Design and Modeling / 
Simulation Systems 
At the heart of Level One’s new product devel- 
opment effort is a world class team of communi- 
cations mixed-signal silicon design specialists. 
They comprise a “rare breed” among today’s © 
engineering school graduates who are very much 
in demand among developers of telecom/datacom 
chip-level components and also among original 
equipment manufacturers for today’s networks. 
To assist this team in its R&D pursuits, 
Level One has developed a state-of-the-art, pro- 
prietary Computer Aided Design (CAD) system 
as well as a software modeling and simulation 
system (LKXWAVE™ ) that enables it to design 
and test complete VLSI circuits in a fraction of 
the time it usually takes to bring new semicon- 
ductor products to market — and with fewer 
design revisions than competitors require. 
Level One knows of no other company 
in the world that has a modeling system to rival 
LxWAVE, a proprietary software simulation 
tool used to model both the physical-level com- 
munications system and the associated metallic 
transmission networks. LxWA VE has two parts: 
LxNET™ and LxSYS™. LxNET is transmis- 
sion simulation software modeling dispersion 
and attenuation of baseband signals for a given 
set of twisted pair transmission line characteris- 
tics. LxSYS is software designed to simulate the 
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system of interrelated functional blocks, and 
models the transceiver’s resulting behavior and 
performance. Together LXNET and LxSYS ac- 
curately predict system-level performance of 
actual transmission networks. These software 
tools, combined with very powerful automatic 
test equipment, enable Level One to test its ICs 
as if they were transmitting in the real world. 


Market Positioning | 
Level One’s goal is to become the prime source 
for the best performing, highest quality IC prod- 
ucts in the industry delivered on time with strong 
field backup support and better customer rela- 


tions than any other semiconductor provider in © 


the market. : 

The company is focused on finding sili- 
con connectivity solutions for system needs in 
the most cost-effective manner. To maintain its 
leadership position, Level One strives to con- 
tinue to reduce the cost of its products and to 
provide its customers with higher added-value 

silicon connectivity solutions. 


Quality and Reliability Assurance 
Extremely stringent quality standards are man- 
dated by Level One’s CEO, and are every 
~ employee’s responsibility. Level One’s quality 
and reliability assurance focus starts at the prod- 
- uct definition stage and continues through every 

aspect of product design, manufacture, testing 
and customer support. 

Level One is committed to producing 
products of exceptionally high quality and reli- 
ability. A quality semiconductor device meets 
or exceeds specifications and is delivered on 
time. A reliable semiconductor device continues 
to conform to specifications over the life of the 
equipment of which it is a part. 

— Quality and reliability cannot be inspected 
_ in, Screened in or tested in — they must be built- 
in to each device. Building in quality and reli- 


: ability starts with the initial specification and 


proceeds through design and production. 

The company has developed an exacting 
quality assurance process that has proven suc- 
cessful in reducing failure rates to an absolute 
minimum for the more than five million silicon 


-connectivity ICs produced by the company to 


date. A rigorous program of foundry and assem- 
bly selection, audit and qualification — as well 
as internal controls — ensures a consistent sup- 
ply of high quality and reliable devices. 

The company establishes a benchmark 
performance level all foundries and assemblies 
must meet and maintain in order to both qualify 
for, and continue to comply with, the company’s 
exacting, state-of-the-art manufacturing and pro- 
duction standards. Level One, and all of its 
affiliated foundries and assemblies, have an ob- 
jective of being ISO 9000 compliant by the end 
of 1994. 


‘Low Failure Rates 
_ The success of Level One’s quality and reliabil- 


ity assurance program is demonstrated by the 
company’s extremely low failure/return rate. 
Level One’s return rate is less than .4 percent of 
annual sales, which is much better than the © 
semiconductor industry goal of under 1 percent 
of annual sales. The average mean time before 
failure (MTBF) for Level One’s ICs is in excess 
of 10 million hours. | 


Multiple Foundry Strategy | 

Level One’s flexible design methodology uti- 
lizes multiple independent silicon foundries — 
in the U.S. as well as offshore — to fabricate its 
integrated circuits. This enables Level One to 


_ Optimize its manufacturing base to take advan- 
tage of process innovations and production sched- 


ules. This strategy also reduces total reliance on 
a single source and provides a backup mecha- 
nism to ensure on time product delivery. 
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Quality and Reliability 


Designing in Quality 

Level One has developed a unique approach to 
transceiver design and testing. This approach 
enables us to ensure that all of the devices we 
manufacture meet performance specifications. 
Using our proprietary simulation tool, 
LxWAVE™, we generate analog signals that 
- model transmission through various networks 
and systems. This enables Level One to test 
- designs and finished devices under simulated 
worst-case conditions to ensure performance to 
specifications in extremely demanding scenarios. 

LxWAVE consists of two simulation 
tools: LXNET™ and LxSYS™. LxNET starts 
with a transmission line model using stored 
transmission line parameters, many of which are 
actual laboratory measured values. Level One 
has constructed a wide variety of line models of 
various gauges and including single and multi- 
pair bundles. The transmission loop environ- 
ment can then be modeled by simulating the 
effect of topology on the transmission network. 
The topology can include transformers, induc- 
tors, capacitors, resistors, active circuitry, bridge 
taps and other external disturbers. With a given 
line model, LXNET calculates the response of 
the loop anywhere along the loop. 

LxSYS, the second part of LxWAVE, 
simulates the behavior of the transceiver in de- 
sign. Toconstruct the behavior model, LxSYS 
uses software modules corresponding to cir- 
cuitry in the Level One design library. Jitter and 
noise, analog offsets and nonlinearities, and 
bandwidth limitations may also be added. 

In the design stage, Level One engineers 
use LxWAVE to simulate the response of the 
transceiver for various inputs and under various 


operating conditions. With these responses, we | 


develop a template defining the range into which 
the transceiver’s output should fall. These tem- 
plates are saved for later testing. 


ee 


Designing In Reliability 

During design, the reliability aspect of the de- 
vice is as important to Level One as perfor- 
mance, die size, and yield. Therefore, Level One 
has established design/layout rules and gsuide- 
lines aimed at ensuring reliability. These suide- 
lines are followed carefully for all Level One 
designs; they are updated as required by failure 
analysis history or process changes. 

Design and layout guidelines used for 
Level One designs are intended to ensure reli- 
able circuit operation. Included in the guidelines 
are rules intended to reduce susceptibility to 
latch-up, enhance circuit ESD robustness, avoid 
trace and contact electromigration, ensure di- 
electric integrity, reduce metal stress and pro- 
vide compatibility with packaging. These guide- 
lines are determined in conjunction with the 
wafer foundries to guarantee compatibility with 
their processes. Packaging and assembly related 
guidelines are developed with the assembly house 
to enhance package reliability and die protec- 
tion. 

In addition, Level One designs are very 
conservative. Chip components are never de- 
signed to the limits of process capabilities or 
operated under conditions that could lead to 
instability. Designs are subjected to in-depth 
Circuit simulation at temperature, voltage and 
processing extremes before being committed to 
Silicon. In order to guarantee operation at these 
extremes, circuit designs must be conservative. 

Level One devices are designed for fab- 
rication at several different foundries. The pro- 
cesses used by these different foundries are 
similar, but not identical. Therefore, our designs 
must be able to encompass the process differ- 
ences between foundries. This results in devices 
less sensitive to variations that may occur during 
processing or during the life of the device. 
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Foundry and Assembly House 
Qualification — | . 

The process of choosing and qualifying a wafer 
foundry or an assembly house starts long before 
any product is built at the facility. Each contrac- 
tor is studied in detail to assure compatibility 
with Level One requirements. Factors exam- 
ined at an assembly house include: package 


capabilities; attach types; temperature profiles; 


mold compound and epoxy types; inspections; 
process control; and quality procedures. 
Foundries are evaluated for their ability to 
produce Level One designs. The foundry’s 
device models or Level One generated models 
are used to determine the foundry’s compatibil- 
ity. Extensive simulation is performed at pro- 
cess, voltage and temperature extremes to en- 
sure circuit functionality. The process flow and 
construction topology are evaluated for top coat 
effectiveness; glassivation and metallization 
step coverages; effectiveness of planarization; 
electromigration performance; etc. Reliability 
data is evaluated for compliance with Level One 
reliability requirements. 

| The manufacturing and quality procedures 
followed by the foundry are evaluated carefully 
— to be sure they can control the process to Level 
One specifications. Also, complete lot trace- 
ability must be retained. 

Finally, both the foundry and the assembly 
~house must be committed to constant quality 
improvement through the use of control charts, 
quality groups, and corrective/preventive ac- 
tions on any anomalies reported by customers. 


Currently, the company has qualified foundries _ 


in North America, Europe and Asia. Multiple 
foundries reduce the risks associated with de- 
pendency on a single vendor. 

Level One assembly in ceramic and plas- 


tic DIP, PLCC, TQFP and PQFP packages is - 


currently being handled by assembly houses in 
Asia, Europe and the USA. 


Contractor Control 
Contractor control is important to ensure consis- 
tent performance. Control is a continuous pro- 
cess, accomplished through a multifaceted ap- 
proach. Contractor surveillance is an important | 
part of the Level One standard product flow. 
Electrical measurements of basic transistor and 
topology structures are examined for each wafer 
lot received. Each incoming packaged device 
lot is subjected to material verification, inspec- 
tion, and QC monitor report review. In addition, 
incoming wafer and packaged device lots are 
visually inspected on asample basis. Any anoma- 
lies or trends are detected and reported early in 
the process. | 

Periodically, Level One audits foundry and 
assembly house process monitor and control 
procedures, quality monitoring, and incoming 
material quality assurance. 


Product Qualification 


-Level One products must undergo a strenuous 


qualification procedure before production ship- 
ments begin. Product qualification includes: es- 
tablishment of functional and parametric test 
procedures; qualification of the device; qualifi- 
cation of the process to be used; and qualifica- 
tion of the package. 

A device built using a new foundry or anew 
assembly house must undergo the most encom- 
passing qualification procedure. Because sub- 


_ Sets of the qualification procedure are specific to 


foundry processes and packages, products using 


_ pre-qualified processes or packages require quali- 


fication only of the portions of the procedure not | 
satisfied by prior qualification. Every qualified 
product is capable of meeting each applicable 
qualification requirement. 
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Among the tests and stresses included in the 
qualification procedure are the following: 
operating life tests 
Temperature Humidity Bias (THB) 
85°C/85% RH or 130°C/85% RH 
autoclave 
temperature cycling 
thermal shock 
latch-up immunity 
ESD susceptibility | 
package and lead mechanical 
integrity testing 
hermeticity 


Such comprehensive testing stresses the device 
design, process and package. For example, 
operating life tests stress the device with bias (in 
a Static or dynamic mode) at elevated tempera- 
tures to accelerate possible failure mechanisms 
that could occur during the life of the device. 
Failure mechanisms accelerated during life test- 
ing include parameter shifts, leakages, 
electromigration and oxide defects. These fail- 
ure mechanisms have been thoroughly studied, 
and found to follow the Arrhenius relationship 
for reaction rate acceleration with temperature. 
This enables Level One to simulate life at a 
nominal operating temperature in a relatively 
short time. 

Autoclave and THB tests are used to 
evaluate the resistance to moisture of devices 
packaged in plastic. The ability of the package 
to protect the die is evaluated in autoclave, in an 
unbiased, high temperature, pressurized steam 
environment. Méetallization corrosion is the 
dominant failure mechanism. Bias-dependent 
moisture effects are enhanced through THB, 
which is a humid (85% RH), high temperature 
~ (85°C or 130°C) environment. Failure mecha- 
nisms include metallization corrosion, leakages 
and voltage shifts. The package, process and 
circuit design are all stressed with THB. 
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Package and bond integrity are evalu- 
ated using temperature cycling, thermal shock, 
and package and lead mechanical testing 

Destructive physical analysis (DPA) is 
used to evaluate the details of construction, 
workmanship, and potential reliability. In this 
analysis, the package and/or die is dissected and 
examined in detail, using X-ray, optical micros- 
copy, and scanning electron microscopy. Items 
such as bond wire dress, ball formation, die 
attach, lead frame, package or mold compound, 
passivation integrity, die construction and work- 
manship are analyzed. 


Product Monitoring 

After a productis qualified, Level One’s product 
monitoring program continues to verify quality 
and long-term reliability. Under this program, 
the Quality and Reliability Department takes 
periodic samples of the product from finished 
goods and subjects them to selected product 
qualification tests. | Process related tests are 
performed on a quarterly basis. Each process/ 
foundry used in production is monitored sepa- 
rately. Package reliability testing is performed 


-bi-annually. Each production package type/ 


assembly is monitored individually. 
The results of the reliability testing per- 
formed for the product monitoring program are 


~ published in Level One Reliability Reports. 


An important area of product monitoring 
is reviewing failure history for indications of 
process or assembly anomalies. If trends are 
seen, the anomaly is identified through failure 
analysis, pinpointing possible process or assem- 
bly influences. Level One then implements 
corrective actions, working with the foundry or 
assembly house. Designrules and guidelines are 
modified, if necessary, to prevent future reoc- 
currence of the failure mechanism. 
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Production Flow 
Production flow is shown in Figure 1. Level One 
participates in quality and reliability monitoring 
through each aspect of the production cycle by 
reviewing electrical and inspection data from 
_ the foundry and assembly house. At Level One, 
we perform all device testing (at the wafer and 
package level), as well as wafer and package 
inspections, using in-house expertise. 

With each wafer lot, the foundry sends 
results of electrical measurements of basic tran- 


sistor and topology structures. These measure- — 


ments are reviewed by Level One Quality and 
Engineering and compared to specified values 
for the process. If the deviation falls outside the 
specification limits, the material is held until 
disposition by Quality. Feedback to the foundry 
is immediate, and a mutually-agreed-upon c cor- 
rective action plan is executed. 

A similar inspection and QC monitoring 
report is received with each assembled lot from 
the assembly house. This report is reviewed for 
_ each incoming lot. 

When required, 100% on in is per- 
formed on the lot. Burn-in yield is monitored by 
statistical process control. When a lotis found to 
have burn-in yield outside the control limits, the 
lot is held until disposition by Quality. A lot 
sample burn-in is run on material that is not 
100% burned-in. Lots that do not pass specific 
criteria are held until disposition by Quality. 

Before disposition to box stock, the lot 
traveler is reviewed by Quality to ensure that all 
test, inspection and production steps have been 
performed. 

A sample of the product must pass a 
rigorous quality acceptance test before authori- 
zation to ship is given. This testing, consisting 
of electrical and visual inspection, is performed 
by Quality. Upon successful completion of this 
test, authorization to ship is given by Quality. 

By maintaining close working relation- 
ships with the foundries and assembly houses, 
Level One is involved throughout the produc- 
tion of the OO 


Testing 

All devices are 100% tested using parametric 
and functional tests using analog and digital test 
vectors from the LXWAVE simulator. Test 
vectors are downloaded to the production tester 
for incorporation into test programs. The analog 
and digital signals transmitted through various 
networks are reconstructed by the tester and 
used as stimuli to the device under test (DUT). 


Noise can be added to further evaluate the 


device’s response under less than optimum op- 
erating conditions. The response is sampled by 


the tester and compared to the template con- 


structed for the particular input stimulus. 
Using the simulated waveforms, the DUT 
is tested for response to various line lengths and | 
Superimposed noise amplitudes. Typically, the 
DUT is first tested with a “zero-length line” 


waveform as if the receiver and the driver were 
— tied directly to one another. This is a functional 


test of the major blocks of the DUT. A worst- 
case waveform is applied next. This is simula- 


_ tion of a specified line length with noise super- 
imposed on the signal. This ensures conform- 


ance to the specifications even under worst-case 
conditions. 

These dynamic functional tests, com- 
bined with parametric tests, ensure that the de- 
vices are rigorously tested under various operat- 
ing conditions without the use of cable spools or 
other hardware. 7 : 


Product Traceability 


To ensure traceability, each lot traveler tracks 
the product history including: foundry lot; as- 
sembly; inspections; tests; burn-in (if required); 
quality control and quality acceptance testing; 
and shipping destination. This documentation is 
retained for future reference. The lot traveler 
enables Level One to determine which lots were 
shipped to a particular customer. In addition, 


_ each device is branded with the lot number and — 


a special trace code to enable complete traceabil- 
ity. : 
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Figure 1: Level One Production Flow 
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General Information 


Electrostatic Discharge - 
Electrostatic discharge (ESD) can damage sen- 
sitive semiconductor devices. Damage occurs 
unless precautions are taken to eliminate the 
generation of dangerous static levels, and to 
design robust circuitry with sufficient protec- 
tion. Level One uses both approaches to ensure 
that the devices shipped to our customers are 
uncompromised, and that they will survive nor- 
mal handling. - | 
Level One’s design guidelines for ESD 
protection produce devices which tolerate nomi- 


nal ESD levels without damage. Before use in 


device designs, we test the susceptibility to ESD 
damage of standard input and outputcells, using 
special Level One designed test circuits. In 
addition, the ESD susceptibility of each device 
type is determined as part of the product qualifi- 
cation before release to production. 

Proper ESD handling of devices is policy 
at Level One. Those who handle devices are 
fully trained in the proper procedures for han- 
dling static-sensitive devices and know that han- 
dling devices incorrectly may damage them. 
Packaged devices are handled only at special 
workstations designed to eliminate damaging 
static levels. Packaged devices are shipped in 
containers designed to eliminate risk of damage 
caused by ESD. 


1-10 


Constant Improvement Program 


To assure shipment of high-quality, highly reli- 

able devices, Level One pursues constant im- 

provement in all aspects of production and test- 

ing. For example, small group problem-solving 
teams have been assembled. The teams consist 
of personnel from both operations and quality, 
working together to solve problems and improve 
our manufacturing flow. 
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T1/E1 Primary Rate Specifications | 


Primary Rate Specifications 


Cable Length 
to DSX point 


Pulse Amplitude 
Receive 
Attenuation 

Line Build-Out 
Maximum 
Successive Zeros 


| Maximum Jitter 


Applicable 
Level One 
Transceivers 


(cas 


1.544 MHz 
+ 200 B/S 


ABAM/655 ft 


Pre-Equalized 
Pulses 


15 (or B8ZS) 


Worst Case: 
138 Ul @ 1 Hz 
28 UI @ 100 Hz 
10 Ul @ 310 Hz 


LXT300/301 
LXT304A 
LXT305/305A 
Short Haul T1 


1.544 MHz 2.048 MHz 2.048 MHz 
+75 B/S + 50 ppm + 50 ppm 


3000/6000 ft 350m 1000 m 
(1000 ft) 


2.37 V (+10%) Coax (75 ) 
3.0 V (+10%) Twisted-Pair (120.0) 


0-6dBat O-18dB at 
1.024 MHz |. 1.024 MHz 


0.0, 7.5, 15 dB 


15 (or B8ZS) 


Worst Case: 20-2400 Hz: 
138 Ul @ 1 Hz | 1.5 Ul 


|28 Ul @ 10-300 Hz 


.4 Ul @ 10 kHz 


LXT310 LXT300/301 LXT318 
| LXT304A 


a _ LXT8305/305A 
Long Haul T1 Short Haul E1 Long Haul E1 
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_ T1/E1 Primary Rate Specifications 


1.544 MHz DSX-1 Pulse Mask | 


100% = 3.0 V 
; 20% 








24Vi 4 


NI DS1 
Pulse Mask 


50% 








10% | —— 

10% A A PAO PME Fa i Ap PY fd beded 
0 250 | 7 0G A100 
Nanoseconds | 


0% 


NOTE: The Network Interface DS1 spec is a relaxed version of the DSX-1 Pulse Mask which allows for cable loss 
between the equipment output and the Network Interface. | 


1.544 MHz T1 Pulse Mask Corner Point Specifications 


| DSX-1 Template _NIDS1 Template | 
|Maximum Curve | Minimum Curve | Maximum Curve 
0 5 0 | 















































0 0 
350 250 350 
350 325 350 
400 325 400 
500 425 500 
600 500 600 
650 675 650 
650 725 650 
800 800 


925 896 
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T1/E1 Primary Rate Specifications 


2.048 MHz E1 Pulse Mask 





Nominal Pulse 





2.048 MHz E1 Pulse Mask Specifications 





Parameter 


Test load impedance 100 
Nominal peak voltage of a mark Zool 


Ratio of amplitudes of positive and negative pulses 95-105 | 95-105 
at center of pulse | | | 
95-105 | % 


Ratio of widths of positive and negative pulses at 95 - 105 
nominal half amplitude | _ 3 


fle vF 
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T1/E1 Primary Rate Specifications 


Short Haul T1/E1 Transceiver Overview 


| Cata / Clock 
Recovery 


Data / Clock 
Recovery, 
Jitter Attenuation 


25 Q typical 


Detection of 1 


Receiver 
Features 


Transmitter Line Driver 


Features 


Recommended 
Load 


25 Q typical 
Transmit 
Return Loss 


Loss of Signal Detection of 1 


Reset Condition 


Number of E1 
Equalizer Codes 


uP Interface | 


Data / Clock 
Recovery 


Data / Clock 
Recovery 
Jitter Attenuation 
Line Driver 


Line Driver 
Jitter Attenuation 
75 Q typical 75 Q typical 


Adjustable Adjustable 


12.5% mark 12.5% mark 
density density 
4 marks in 32 bits | 4 marks in 32 bits | 





SLEVEL 
(ic ONE @ 








LXT300/LXT301 





T1/E1 Integrated Short Haul Transceivers 


WI 








for both North American 1.544 MHz (T1), and European 
2.048 MHz (E1) applications. Transmit pulse shapes (DSX- 
1 or El) are selectable for various line lengths and cable types. 


The LXT300 provides receive jitter attenuation starting at 3 
Hz, and is microprocessor controllable through a serial inter- 
face. The LXT301 is pin compatible, but does not provide 
jitter attenuation or a serial interface. 


Both transceivers offer a variety of diagnostic features in- 
cluding transmit and receive monitoring. Clock inputs may 
be derived from an on-chip crystal oscillator or digital inputs. 
They use an advanced double-poly, double-metal CMOS 
process and each requires only a single 5-volt power supply. 






PCM / Voice Channel Banks 
Data Channel Bank / Concentrator 
T1/EI1 multiplexer | 
° Digital Access and Cross-connect Systems (DACS) 
¢ Computer to PBX interface (CPI & DMI) 
¢ High speed data transmission lines 


© Interfacing Customer Premises Equipment to a CSU 
¢ Digital Loop Carrier (DLC) terminals 






SOO 





oatetatet 
Fatah ee testatate 
, 


MODE 


HOST 


CONTROL 









SCLK {LLOOP 
CLKE | TAOS 





SYNCHRONIZER 

INTRNL CLK 
GENERATOR 

| | ~sCSITTER 

——ae ATTENUATOR 

es 











LOS 


Standard Product 


February, 1994 






¢ Compatible with most popular PCM framers including 


Ee eset | 
le eal 
— EquaLizeR | Cis 


DATA 
STORE 7 oe 


RECEIVE 


MONITOR 


the LXP2180A and LXP2181A 


Line driver, data recovery and clock recovery functions 


Receive jitter attenuation starting at 3 Hz meets or 


exceeds AT&T Pub 62411 (LXT300 


only) 


LXT300 and LXT301 are pin compatible, and offer pin 
and functional compatibility with Crystal CS61574 
(LXT300) and Crystal CS6158 (LXT301) 


Minimum receive signal of 500 mV 


Selectable slicer levels (E1/DSX-1) improve SNR 


Programmable transmit equalizer shapes pulses to meet 
DSX-1 pulse tempiate from 0 to 655 ft 


Local and remote loopback functions 


Transmit Driver Performance Monitor (DPM) output 


Receive monitor with Loss of Signal (LOS) output 


Receiver jitter tolerance 0.4 UI from 40 kHz to 100 kHz 


Microprocessor controllable (LXT300 only) 


Available in 28 pin DIP or PLCC 





TRANSMIT 
MONITOR 


















TTrIP 
TRING 


RTIP 


RRING 


MTIP 
MRING 
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Absolute Maximum Ratings 


| Parameter | = Sym_—| Min’ =| Max | Units, 
DC supply Geferencedio GND) | _RV4TVe_ | —- —~dY Si 
Finput curen any pin? [tm 


- WARNING: Operations at or beyond these limits may result in permanent damage to the device. Normal operation not guaranteed at these extremes. 
1Excluding RTIP and RRING which must stay within -6V to RV + 0.3V. 
2 Transient currents of up to 100 mA will not cause SCR latch-up. TTIP, TRING, TV+ and TGND can withstand a continuous current of 100mA. 

















Recommended Operating Conditions | 


| DC supply * | RV4, Tv+ | 4.75 
Ambient operating temperature Te 


Total power dissipation + ss 


_3TV+ must not exceed RV+ by more than 0.3 V. 
*Power dissipation while driving 25 Q load over operating temperature range. Includes device and load. Digital input levels are within 10% of the 
supply rails and digital outputs are driving a 50 pF capacitive load. : : 





- Digital Characteristics (T, = -40° to 85°C, V+ = 5.0 V+5%, GND = 0 V) 


[___ Parameter | Sym_ 


[High level input voltage >°(pins 1-5, 10, 23-28) 1 Vig 1 20% 
Low level input voltage *° (pins 1-5, 10, 23-28) 
High level output voltage *° (pins 6-8, 11, 12, 23, 25) 
TOs 9 Amey L 
L 


Test Conditions | _ 











oe 
| =- 400 pA 


lour= 
I,,;=1.6mA 


F 

> 
i) No 
i) 


< 
ae] 
na 
pS 


ne 
i) 
B)|</</< 


Oo 
Low level output voltage > ° (pins 6-8, 11, 12, 23, 25) 
Input leakage current -1 
Three-state leakage current’ (pin 25) 


i) 








ie 
a) 





+ 

pod 
B 
Te 

> 


SFunctionality of pins 23 and 25 depends on mode. See Host / Hardware Mode descriptions. 
Output drivers will output CMOS logic levels into CMOS loads. 


| Analog Specifications (T, = -40° to 85°C, V+ = 5.0 V +5%, GND = 0 V) 








Parameter | 


AMI Output Pulse Amplitudes | DSX-1 
Recommended Output Load at TTIP and TRING 


Jitter added by the transmitter ’ 
_ 


Sensitivity below DSX = ( 0dB = 2.4V) 


Loss of Signal threshold 


Data decision threshold DSX-1 
El 


Allowable consecutive zeros before LOS | 160 
] Input jitter tolerance © 10kHz - 100kHz ; 


| Jitter attenuation curve corner frequency ® | 


"init [eet Conditions 
. | 
measured at line side 
> ee 
lta tenet eat 

eS ae 
UE 

| dB] 
2 aaa 
Deke ae le 
aa 
Ee eee, Se 


ad 
ls 
Loe) 
N 





S 


COS ‘cs 
SiS]! jus 
oi) 
e 
a 


B 
o 
S 
Ar 
Cc 
Laan 


0. 


oS 
—N 
(= 
I 


prom, 

wD NIN 

nN ~~) | 
bo [| Ww 
ALE 
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ae) 
Wain 
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eve 


% peak 


500 | 
63 
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oe 
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"Input signal to TCLK is jitter-free. 
* Circuit attenuates jitter at 20 dB/decade above the corner frequency. — . (s L EVEL 
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MCLK 
MCLK CJ 1 CLKETAOS TYE cctttoge MCLK | 1 TAOS 
TCLK 2 SCLK/LLOOP |, =<<mioop _ICLK 2 LLOOP 
TPOS 3 CS/RLOOP TPOS 3 RLOOP 
TNEG 4 SDO/EC3 TNEG 4 EC3 
MODE ( 5 SDIEC2 ee Spyese, «SCC GND 8 EC2 
RNEG 6 INT/EC1 ies NT/ECA RNEG 6 EC1 
RPos 4 7 RGND pci GND RPOS 4 7 RGND 
RCLK 8 RV+ er aiIN ay RCLK Cj 8 RV+ 
+ 
XTALIN 9 RRING rR OUT ARING AT G9 RRING 
XTALOUT RTIP DPM “_ N/C RTIP 
f {tt 42 19f | 
DPM MRING | 12 DPM MRING 
_TTIP TRING TTIP MTIP TTIP TRING 
TGND TV+ TGND TRING TGND TV+ 





TV+ 





LXT300 (DIP) 
Table 1: Pin Descriptions 


A 1.544 or 2.048 MHz clock input used to generate internal clocks. Upon 
1 MCLK Master Clock | Loss of Signal (LOS), RCLK is derived from MCLK. 
LXT300 Only: If MCLK not applied, this pin should be grounded. 
2 TCLK Transmit Transmit clock input. TPOS and TNEG are sampled on the falling edge of 
Clock TCLK. If TCLK is not supplied, the transmitter remains powered down. 
TPOS Transmit Input for posiave, pulse to be transmitted on the twisted-pair line. 
Positive Data 
Transmit Input for negative pulse to be transmitted on the twisted-pair line. 
Negative Data | 


Setting MODE to logic 1 puts the LXT300 in the Host mode. In the Host 
mode, the serial interface is used to control the LXT300 and determine its 
Mode Select status. 
(LXT300) Setting MODE to logic 0 puts the LXT300 in the Hardware (H/W) mode. 
In the Hardware mode the serial interface is disabled and hard-wired pins 
are used to control configuration and report status. 


Received data outputs. A signal on RNEG corresponds to receipt of a 
Receive negative pulse on RTIP and RRING. A signal on RPOS corresponds to 
Negative Data | receipt of a positive pulse on RTIP and RRING. RNEG and RPOS outputs 
are Non-Return-to-Zero (NRZ). Both outputs are stable and valid on the 
rising edge of RCLK. 
Receive LXT300 only: In the Host mode, CLKE determines the clock edge at which 
Positive Data | these outputs are stable and valid. In the Hardware mode both outputs are 
stable and valid on the rising edge of RCLK. 


Recovered This is the clock recovered from the signal received at RTIP and RRING. 
Clock 


Resistor Connect to RV+ through a 1 kQ resistor. 
Termination 





LXT300/301 T1/E1 Integrated Short Haul Transceivers with Receive JA 

Table 1: Pin Descriptions continued | ee 

bal iat Crystal Input | An external crystal operating at four times the bit rate (6.176 MHz for DSX-1, 
(LXT300) 










8.192 MHz for E1 applications with an 18.7pF load ) is required to enable the | 


jitter attenuation function of the LXT300. These pins may also be used to 
10 Crystal Output | disable the jitter attenuator by connecting the XTALIN pin to the positive 
(LXT300) supply through a resistor, and floating the XTALOUT pin. 


wPaxe (LXT301) 


Driver DPM goes to a logic 1 when the transmit monitor ee (MTIP and MRING) 
Performance | does not detect a signal for 63 +2 clock periods. DPM remains at logic 1 until 
a signal is detected. | 


Loss Of Signal | LOS goes to a logic 1 when 175 consecutive spaces have en detected. 
LOS returns to a logic 0 when a mark is detected. | 


is | rnp [0] tamnie | | Differential Driver Outputs. These outputs are designed to drive a 25 Q load. 
The transmitter will drive 100 Q shielded twisted-pair cable through a 2:1 
16 | TRING Transmit Ring | step-up transformer without additional components. To drive 75Q coaxial 
| - cable, two 2.2 Q resistors are required in series with the transformer. 
TGND Transmit Ground return for the transmit drivers power supply TV+. 
Ground 
TV+ Transmit +5 VDC power supply input for the transmit drivers. TV+ must not vary from 
Power Supply RV+ by more than +0.3V. | 
at 
LXT300 only: To prevent false interrupts in the host mode if the monitor is not 
used, apply a clock signal to one of the monitor pins and tie the other monitor 


| pin to approximately the clock's mid-level voltage. The monitor clock can . 
range from 100kHz to the TCLK frequency. 






















These pins are used to monitor the tip and ring transmit outputs. The trans- 
ceiver can be connected to monitor its own output or the output of another 
LXT300 or 301 on the board. : 
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Table 1: Pin Descriptions continued 









Description 











This LXT300 Host mode output goes low to flag the host processor 
when LOS or DPM go active. INT is an open-drain output and should 
be tied to power supply RV+ through a resistor. INT is reset by 

clearing the respective register bit (LOS and/or DPM.) 





Interrupt 
(Host Mode) 










The signal applied at this pin in the LX7300 Hardware mode and 
LXT301 is used in conjunction with EC2 and EC3 inputs to determine 
shape and amplitude of AMI output transmit pulses. 





Equalizer Control 1 
(H/W Mode) 





Serial Data In The serial data input stream is applied to this pin when the LXT300 
(Host Mode) operates in the Host mode. SDI is sampled on the rising edge of SCLK. 













The signal applied at this pin in the LXT300 Hardware mode and 






































EC2 Equalizer Control 2} LX7T30J is used in conjunction with EC1 and EC3 inputs to determine 
(H/W Mode) shape and amplitude of AMI output transmit pulses. 
| The serial data from the on-chip register is output on this pin in the 
Serial Data Out LXT300 Host mode. If CLKE is high, SDO is valid on the rising edge 
(Host Mode) of SCLK. If CLKE is low SDO is valid on the falling edge of SCLK. 
| This pin goes to a high-impedance state when the serial port is being 
25 written to and when CS is high. 
Equalizer Control 3; The signal applied at this pin in the LX7300 Hardware mode and 
EC3 (H/W Mode) LXT301 is used in conjunction with EC1 and EC2 inputs to determine 
shape and amplitude of AMI output transmit pulses. 
a Chip Select This input is used to access the serial interface in the LXT300 Host 
26 CS (Host Mode) mode. For each read or write operation, CS must transition from high 


to low, and remain low. 


This input controls loopback functions in the LXT300 Hardware mode 


RLOOP Remote Loopback | and LXT301. Setting RLOOP to a logic 1 enables the Remote Loop- 
(H/W Mode) back mode. Setting both RLOOP and LLOOP causes a Reset . . 
SCLK Serial Clock This clock is used in the LXT300 Host mode to write data to or read 
7 (Host Mode) data from the serial interface registers. 


Local Loopback This input controls loopback functions in the LXT300 Hardware mode 
LLOOP (H/W Mode) and LXT301. Setting LLOOP to a logic 1 enables the Local Loopback 


Mode. 


| Setting CLKE to logic 1 causes RPOS and RNEG to be valid on the 
CLKE Clock Edge falling edge of RCLK, and SDO to be valid on the rising edge of 
(Host Mode) SCLK. When CLKE is a logic 0, RPOS and RNEG are valid on the 
rising edge of RCLK, and SDO is valid on the falling edge of SCLK. 


When set to a logic 1, TAOS causes the LXT300 (Hardware mode) and | 
TAOS | Transmit All Ones| LXT30J/ to transmit a continuous stream of marks at the TCLK fre- 
(H/W Mode) quency. Activating TAOS causes TPOS and TNEG inputs to be 


ignored. TAOS is inhibited during Remote Loopback. 
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LXT300/301 THEN Integrated Short Haul Transceivers with Receive JA 


Functional Description 


The LXT300 and 301 are fully integrated PCM transceivers 


for both 1.544 MHz (DSX-1) and 2.048 MHz (E1) applica- 
tions. Both transceivers allow full-duplex transmission of 
digital data over existing twisted-pair installations. Figure 1 
is a simplified block diagram of the LXT300. The LXT301 
is shown in Figure 2. The LXT301 is similar to the LXT300, 
but does not incorporate the Jitter Attenuator and associated 
Elastic Store, or the serial interface port. 


The LXT300 and 301 transceivers each interface with two 
twisted-pair lines (one twisted-pair for transmit, one 


twisted-pair for receive) through standard pulse transiorm- | 


ers and appropriate resistors. 
Transmitter 


The transmitter circuits in the LXT300 and 301 are identical. 
The following discussion applies to both models. Data 


Table 2: Equalizer Control peas 





0 - 133 ft ABAM 
133 - 266 ft ABAM 
266 - 399 ft ABAM 
399 - 533 ft ABAM 
533 - 655 ft ABAM 











FCC Part 68, Dien A 


' Line length from transceiver to DSX-1 cross-connect point. 


2 Maximum cable loss at 772 kHz. 


Figure 2: LXT301 Block Diagram 








EC1, EC2, 
EC3 






t= 
EQUALIZER 
aoe CLK 


| GENERATOR 


TPOS 
TNEG 





TCLK 
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Ce Line Length’ Cable Loss? Application <7 


Oc Serres a 


TRANSMIT 
| RECEIVE io 
MONITOR j : a 


received for transmission onto the line is clocked serially 
into the device at TPOS and TNEG. Input synchronization 
is supplied by the transmit clock (TCLK). The transmitted 
pulse shape is determined by Equalizer Control signals EC1. 
through EC3 as shown in Table 2. Refer to Table 3 and 
Figure 3 for master and transmit clock timing characteris- 
tics. Shaped pulses are applied to the AMI line driver for 
transmission onto the line at TTIP and TRING. Equalizer 
Control signals are hard-wired to the LXT301. 

LXT300 Only: Equalizer Control signals may be hardwired 
in the Hardware mode, or input as part of the serial data 
stream (SDI) in the Host mode. 


Pulses can be shaped for either 1.544 or 2.048 MHz applica- 


tions. 1.544 MHz pulses for DSX-1 applications can be 


programmed to match line lengths from 0 to 655 feet of 
ABAM cable. The LXT300 and 301 also match FCC and 
ECSA specifications for CSU applications. 2.048 MHz 
pulses can drive coaxial or shielded twisted-pair lines using 
appropriate resistors in line with the output transformer. 











1.544 MHz 






CSU (DS-1) 1.544 MHz 
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Driver Performance Monitor Line Code 


The transceiver incorporates a Driver Performance Monitor |The LXT300 and 301 transmit data as a50% AMI line code 
(DPM) in parallel with the TTIP and TRING at the output —_ as shown in Figure 4. Power consumption is reduced by 
transformer. The DPM output level goes high upon detec- —_ activating the AMI line driver only to transmit a mark. The 

tion of 63 consecutive zeros. Itisresetwhenaoneisdetected output driver is disabled during transmission of a space. 
on the transmit line, or when a reset command is received. 


Table 3: LXT300 and 301 Master Clock and Transmit Timing Characteristics (See Figure 3) 
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‘Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing. 


Figure 3: LXT300 and 301 Transmit Clock Timing Diagram 
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Figure 4: 50% AMI Coding Diagram 
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Receiver 


The LXT300 and LXT301 receivers are identical except for 
the jitter attenuator and elastic store. The following discus- 
sion applies to both transceivers except where noted. 


The signal is received from one twisted-pair line on each side 
of a center-grounded transformer. Positive pulses are re- 
ceived at RTIP and negative pulses are received at RRING. 
Recovered data is output at RPOS and RNEG, and the 
recovered clock is output at RCLK. Refer to Table 4 and 
Figure 5 for LXT300 receiver timing. LXT301 receiver 
timing is shown in Table 5 and Figure 6. 


The signal received at RPOS and RNEG is processed 
through the peak detector and data slicers. The peak detector 
samples the inputs and determines the maximum value of the 
received signal. A percentage of the peak value is provided 
to the data slicers as a threshold level to ensure optimum 


Table 4: LXT300 Receive Characteristics (See Figure 5) 





signal-to-noise ratio. For DSX-1 applications (determined 
by Equalizer Control inputs EC1 - EC3 #000) the threshold 


_ is set to 70% of the peak value. This threshold is maintained 


above 65% for up to 15 successive zeros over the range of 
specified operating conditions. For El applications (EC 


- inputs = 000) the threshold is set to 50 %. 


The receiver is capable of accurately recovering signals with 
up to -13.6 dB of attenuation (from 2.4 V), corresponding to 
areceived signal level of approximately 500 mV. Maximum 
line length is 1500 feet of ABAM cable (approximately 6 
dB). Regardless of received signal level, the peak detectors 
are held above a minimum level of .3 V to provide immunity 
from impulsive noise. | ( 


After processing through the data slicers, the received signal 
is routed to the data and clock recovery sections, and to the 
receive monitor. The receive monitor generates a Loss of 
Signal (LOS) output upon receipt of 175 consecutive zeros 


‘Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing. 


Figure 5: LXT300 Receive Clock Timing Diagram 
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(spaces). The receiver monitor loads a digital counter atthe In the LXT300 only, recovered clock signals are supplied to 
RCLK frequency. The countisincrementedeachtimeazero the jitter attenuator and the data latch. The recovered data 
is received, and reset to zero each time a one (mark) is is passed to the elastic store where it is buffered and 
received. Uponreceipt of 175 consecutive zerosthe LOS pin — synchronized with the dejittered recovered clock (RCLK). 
goes high, and the RCLK outputis replaced with the MCLK. 
Jitter Attenuation (LXT300 Only) 
(In the LXT300 only, if MCLK is not supplied the RCLK 
output will be replaced with the centered crystal clock.) Jitter attenuation of the LXT300 clock and data outputs is 
| provided by a Jitter Attenuation Loop (JAL) and an Elastic 
The LOS pin will reset as soon as a one (mark) is received. | Store (ES). An external crystal oscillating at 4 times the bit 
rate provides clock stabilization. Refer to Table 6 for crystal 


| Test Conditions 


Table 5: LXT301 Receive Timing Characteristics (See Figure 6) 
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Receive clock pulse width 
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Receive clock pulse width 
rising setup time 


RCLK rising to RPOS / DSX-1 


RNEG hold time 


! Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing. 
? RCLK duty cycle widths will vary depending on extent of received pulse jitter displacement. Max and Min RCLK duty cycles are for worst case 
jitter conditions (0.4 UI clock displacement for 1.544 MHz, 0.2 UI clock displacement for 2.048 MHz.) 
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Figure 6: LXT301 Receive Clock Timing Diagram 
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specifications. The ES is a 32 x 2-bit register. Recovered 
data is clocked into the ES with the recovered clock signal, 
and clocked out of the ES with the dejittered clock from the 
JAL. When the bit count in the ES is within two bits of 
overflowing or underflowing, the ES adjusts the output 
clock by 1/8 of a bit period. The ES produces an average 
delay of 16 bits in the receive path. 


Operating Modes 


The LXT300 and 301 transceivers can be controlled through 
hard-wired pins (Hardware mode). Both transceivers can 
also be commanded to operate in one of several diagnostic 
modes. | 


LXT300 Only: The LXT300 can be controlled by a micro- 
processor through a serial interface (Host mode). The mode 
of operation is set by the MODE pin logic level. 


Host Mode Operation (LXT300 Only) 


To allow a host microprocessor to access and control the 
LXT300 through the serial interface, MODE is set to 1. The 
serial interface (SDI/SDO) uses a 16-bit word consisting of 
an 8-bit Command/Address byte and an 8-bit Data byte. 
Figure 7 shows the serial interface data structure and timing. 


The Host mode provides a latched Interrupt output (INT) 
which is triggered by a change in the Loss of Signal (LOS) 
and/or Driver Performance Monitor (DPM) bits. The Inter- 
rupt is cleared when the interrupt condition no longer exists, 


and the host processor enables the respective bit in the serial _ 


input data byte. Host mode also allows control of the serial 
‘data and receive data output timing. The Clock Edge 
(CLKE) signal determines when these outputs are valid, 


Table 6: LXT300 Crystal Specifications (External) 


6.176 MHz | 8.192 MHz 











Frequency Stability 


Pullability 


+20 ppm @ 25° C 















_ (Ref 25° C reading) 


+ 25 ppm from -40° C to + 85°C 


relative to the Serial Clock (SCLK) or RCLK as follows: 


Rising 
Rising 
_ Falling 














Falling 
Falling 
Rising 


The LXT300 serial port is addressed by setting bit A4 in the 


Address/Command byte, corresponding to address 16. The 
LXT300 contains only a single output data register so no 
complex chip addressing scheme is required. The register is 
accessed by causing the Chip Select (CS) input to transition 
from high to low. Bit 1 of the serial Address/Command byte 
provides Read/Write control when the chip is accessed. A 
logic 1 indicates a read operation, and a logic 0 indicates a 
write operation. Table 7 lists serial data output bit combina- 
tions for each status. Serial data I/O timing characteristics 
are shown in Table 8, and Figures 8 and 9. 


Hardware Mode Operation (LXT300 and 301) 


In Hardware mode the transceiver is accessed and controlled 
through individual pins. With the exception of the INT and 
CLKE functions, Hardware mode provides all the functions 
provided in the Host mode. In the Hardware mode RPOS 
and RNEG outputs are valid on the rising edge of RCLK. 
The LXT301 operates in Hardware mode at all times. 


LXT300 Only: To operate in Hardware mode, MODE must 
be set to0. Equalizer Control signals (ECI through EC3) 


+20 ppm @ 25°C 


+25 ppm from -40° C to + 85° C 
(Ref 25° C reading) 


CL = 11 pF to 18.7 pF, +AF = 175 to 195 ppm] CL = 11 pF to 18.7 pF, +AF = 95 to 115 ppm 
CL = 18.7 pF to 34 pF, -AF = 175 to 195 ppm | CL = 18.7 pF to 34 pF, -AF = 95 to 115 ppm 






40 Q Maximum 30 Q Maximum 





Mode of operation 


HC49 (R3W), C, = 7 pF maximum HC49 (R3W), C, = 7 pF maximum ? 
a a C, = 17 fF typical | 


C,, = 17 F typical 
2-14 | | | | 
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are input on the Interrupt, Serial Data In and Serial Data 
Out pins. Diagnostic control for Remote Loopback 


(RLOOP), Local Loopback (LLOOP), and Transmit All — 


Ones (TAOS) modes is provided through the individual pins 
_ used to control serial interface timing in the Host mode. 


Reset Operation (LXT300 and 301) 


Upon power up, the transceiver is held static until the power 
supply reaches approximately 3V. Upon crossing this 
threshold, the device begins a 32 ms reset cycle to calibrate 
the transmit and receive delay lines and lock the Phase Lock 
Loop to the receive line. A reference clock is required to 


calibrate the delay lines. The transmitter reference is pro- 
vided by TCLK. MCLK provides the receiver reference for 
the LXT301. The crystal oscillator provides the receiver 
reference in the LXT300. If the LXT300 crystal oscillator 
is grounded, MCLK is used as the receiver reference clock. 


The transceiver can also be reset from the Host or Hardware 
mode. In Host mode, reset is commanded by simultaneously 
writing RLOOP and LLOOP to the register. In Hardware 
mode, reset is commanded by holding RLOOP and LLOOP 
high simultaneously for 200 ns. Reset is initiated on the 
falling edge of the reset request. In either mode, reset clears 
and sets all registers to 0 and then begins calibration. 


Table 7: LXT300 Serial Data Output Bits (See Figure 7) 


Status 


Reset has occurred, or no program input. 


TAOS active 


Local Loopback active 


TAOS and Local Loopback active 


Remote Loopback active 


DPM has changed state since last Clear DPM occurred | 


LOS has changed state since last Clear LOS occurred 


LOS and DPM have both changed state since last Clear DPM and Clear LOS 


occurred 


ADDRESS / COMMAND BYTE 


DATA INPUT /OUTPUT BYTE 


gairen0 [PA] M0 | a2} a2} an | ae | 48 A] 00] os] 22} ma | os {ve | or 


ADDRESS / 
COMMAND 
BYTE 


R/W = 1: READ 
R/W = 0: WRITE 


CLEAR INTERRUPTS 


SET LOOPBACKS OR RESET | 


0 1 X 
AO AG {| 


X = DON'T CARE 


NOTE: Output Data 
Byte same as Input 





(ae SRE aaa, 
< Data Byte shown at 
LOS EC1 EC2 EC3 |REMOTE|LOCAL} TAOS left, except for Bits DS 
DO (LSB) D7 (MSB) | through D7 shown in 
Table 7 above. 
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Table 8: LXT300 Serial /O Timing Characteristics (See Figures 8 and 9) 
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Parameter Test Conditions 





-Rise/Fall time - any digital output 100 
SDI to SCLK setup time 
SCLK to SDI hold time 
SCLK low time 
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' Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing. 


Figure 8: LXT300 Serial Data Input Timing Diagram 
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Diagnostic Mode Operation 


In Transmit All Ones (TAOS) mode the TPOS and TNEG 
inputs to the transceiver are ignored. The transceiver trans- 
mits a continuous stream of 1's at the TCLK frequency when 
the TAOS mode is activated. TAOS can be commanded 
simultaneously with Local Loopback, but is inhibited during 
Remote Loopback. | 


In Remote Loopback (RLOOP) mode, the transmit data and 
clock inputs (TPOS, TNEG and TCLK) are ignored. The 


RPOS and RNEG outputs are looped back through the ~ 


transmit circuits and output on TTIP and TRING at the 
RCLK frequency. Receiver circuits are unaffected by the 
RLOOP command and continue to output the RPOS, RNEG 
and RCLK signals received from the twisted-pair line. 


In Local Loopback (LLOOP) mode, the receiver circuits are 
inhibited. The transmit data and clock inputs (TPOS, TNEG 
and TCLK) are looped back onto the receive data and clock 
outputs (RPOS, RNEG and RCLK.) The transmitter circuits 
are unaffected by the LLOOP command. The TPOS and 
TNEG inputs (or a stream of 1's if the TAOS command is 
active) will be transmitted normally. 


LXT300 Only: When used in this mode with a crystal, the 
transceiver can be used as a Stand-alone jitter attenuator. 


Power Requirements 


The LXT300 and 301 are low-power CMOS devices. Each 
operates from a single +5 V power supply which can be 
connected externally to both the transmitter and receiver. 
However, the two inputs must be within + .3V of each other, 
and decoupled to their respective grounds separately, as 
shown in Figure 10. Isolation between the transmit and 
receive circuits is provided internally. 


Applications 
_LXT300 1.544 MHz T1 Interface Applications 


Figure 10 is a typical 1.544 MHz T1 application. The 
LXT300 is shown in the Host mode with the LXP2180A T1/ 
ESF Framer providing the digital interface with the host 
controller. Both devices are controlled through the serial 
interface. An LXP600A Clock Adapter (CLAD) provides 
the 2.048 MHz system backplane clock, locked to the 
recovered 1.544 MHz clock signal. The power supply inputs 
are tied to a common bus with appropriate decoupling 
Capacitors installed (1.0 UF on the transmit side, 68uF and 
0.1 WF on the receive side.) 
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LXT300 2.048 MHz E1 Interface Applications 


Figure 11 is a typical 2.048 MHz E1 application. The 
LXT300 is shown in Hardware mode with the LXP2181A 
E1/CRC4 Framer. Resistors are installed in line with. the 
transmit transformer for loading a 75 Q coaxial cable. The 
in-line resistors are not required for transmission on 100 Q 
shielded twisted-pair lines. As in the T1 application Figure 
10, this configuration is illustrated with a crystal in place to 
enable the LXT300 Jitter Attenuation Loop, and a single 
power supply bus. The hard-wired control lines for TAOS, 
LLOOP and RLOOP are individually controllable, and the 
LLOOP and RLOOP lines are alsotied to a single control for 
the Reset function. : 


LXT301 1.544 MHz T1 Interface 


Figure 12 is a typical 1.544 MHz T1 application of the 
LXT301. The LXT301 is shown with the LXP2180A T1/ 
ESF Framer. An LXP600A Clock Adapter (CLAD) pro- 
vides the 2.048 MHz system backplane clock, locked to the 
recovered 1.544 MHzclock signal. The power supply inputs 
are tied to a common bus with appropriate decoupling 
capacitors installed (1.0 uF on the transmit side, 68uF and 
0.1 uF on the receive side.) 


LXT301 2.048 MHz E1 Interface 


Figure 13 is a typical 2.048 MHz E1 application of the 
LXT301. The LXT301 is shown with the LXP2181A E1/ 
CRC4 Framer. Resistors are installed in line with the 
transmit transformer for loading a 75 Q coaxial cable. The 
in-line resistors are not required for transmission on 100 Q 
shielded twisted-pair lines. As in the T1 application Figure 
12, this configuration is illustrated with a single power 
supply bus. The hard-wired control lines for TAOS, LLOOP 
and RLOOP are individually controllable, and the LLOOP 
and RLOOP lines are also tied to a single control for the 
Reset function. 
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Figure 10: Typical LXT300 1.544 MHz T1 Application (Host Mode) — 
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Figure 11: Typical LXT300 2.048 MHz E1 Application (Hardware Mode) 
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Figure 12: Typical LXT301 1.544 MHz T1 Application 
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Preliminary Information 
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LXT300Z/ LXT301Z 
T1/E1 Integrated Short Haul Transceivers 
with Receive Jitter Attenuation 
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eee tee? CROCS _ CE CaS 

re Or ASIC 
PSI NIC AHN IM HR OR RIC 


The LXT300Z and LXT301Z are fully integrated transceiv- 
ers for both North American 1.544 MHz (T1), and European the LXP2180A and LXP2181A 
2.048 MHz (E1) applications. They are pin and functionally 
compatible with standard LXT300/301 devices, with some 
circuit enhancements. | ¢ Receive jitter attenuation starting at 3 Hz meets or 
exceeds AT&T Pub 62411 (LXT300Z only) 





¢ Line driver, data recovery and clock recovery functions 


The LXT300Z provides receive jitter attenuation starting at 3 

Hz, and is microprocessor controllable through a serial inter- Constant low impedance drivers during marks and 
face. The LXT301Z is pin compatible, but does not provide spaces (3 Q2 typical) 

jitter attenuation or a serial interface. Transmit drivers 
provide low output impedance, constant during transmission 
of both marks and spaces, resulting in an improved perfor- 
mance over various cable networking configurations. Both »¢ Minimum receive signal of 500 mV 


transceivers offer a variety of diagnostic features including : : 
transmit and receive monitoring. Clock inputs may be Selectable slicer levels (E1/DSX-1) improve SNR 


derived from an on-chip crystal oscillator or digital inputs. Programmable transmit equalizer shapes pulses to meet 
They use an advanced double-poly, double-metal CMOS DSX-1 pulse template from 0 to 655 ft 

process and each requires only a single 5-volt power supply. 

sgnoasmmnasennasonaannas ¢ Local and remote loopback functions 





e 


¢ Transmit amplitude variation with supply is less than 1% 
(typical) 





ata ¢ Transmit Driver Performance Monitor (DPM) output 
¢ PCM / Voice Channel Banks | 


¢ Data Channel Bank / Concentrator ¢ Receive monitor with Loss of Signal (LOS) output 
¢ T1/E1 multiplexer | ? (12.5% one’s density reset) 
¢ Digital Access and Cross-connect Systems (DACS) 

¢ Computer to PBX interface (CPI & DMI) 

¢ High speed data transmission lines 

¢ Interfacing Customer Premises Equipment to a CSU 


¢ Digital Loop Carrier (DLC) terminals ¢ Available in 28 pin DIP or PLCC 


Receiver jitter tolerance 0.4 UI from 40 kHz to 100 kHz 


¢ Microprocessor controllable (LXT300Z only) 
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Standard Product 
February, 1994 


LXT304A | | 
Low-Power T1/E7 Integrated Short Haul Transceiver 
with Receive Jitter Attenuation | 


° 
@ 
e 





¢ Low power consumption (400 mW maximum) 
for both North American 1.544 MHz (T1), and European 40% less than the LXT300 

2.048 MHz (E1) applications. It features a constant low 
output impedance transmitter allowing for high transmitter 
return loss in T1/E1 applications. Transmit pulse shapes 
(DSX-1 or El) are selectable for various line lengths and’  ¢ High transmit and receive return loss 
cable types. 


¢ Constant low output impedance transmitter regardless of 
data pattern 





* Meets or exceeds all industry specifications including 


The LXT304A provides receive jitter attenuation starting at CCITT G.703, ANSI T1.403 and AT&T Pub 62411 


3 Hz, and is microprocessor controllable through a serial * Compatible with most popular PCM framers including 
interface. the LXP2180A (T1) and LXP2181A (E1) 

It offers a variety of diagnostic features including transmit © * Line driver, data recovery and clock recovery functions 
and receive monitoring. The device incorporates anon-chip = « Minimum receive signal of 500 mV 

crystal oscillator, and also accepts digital clock inputs. It 

uses an advanced double-poly,double-metal CMOS process = *_ Selectable slicer levels (E1/DSX-1) improve SNR 


¢ Programmable transmit equalizer shapes pulses to meet 


Applica {  DSX-1 pulse template from 0 to 655 ft 


¢ PCM / Voice Channel Banks 






* Local and remote loopback functions 


¢ Data Channel Bank / Concentrator ¢ Transmit / Receive performance monitors with DPM and 
* T1/E1 multiplexer | LOS outputs 

¢ Digital Access and Cross-connect Systems (DACS) * Receiver jitter tolerance 0.4 UI from 40 kHz to 100 kHz 
ap aaa hcg eiania ane iriotee see, * Receive jitter attenuation starting at 3 Hz 


¢ High speed data transmission lines _ 
¢ Interfacing Customer Premises Equipment to a CSU 
¢ Digital Loop Carrier (DLC) terminals * Available in 28 pin DIP or PLCC 
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* Microprocessor controllable 
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Absolute Maximum Ratings | 


Parameter | sym | Min | Max | Units 
DC supply Geferencedw OND) [RT | - | 60 —~«dYsSst 
Input voltage, any pin’ 
Input curea, any pix? ees ee! NE aa SR 
Asst gpecing peti 















10 
40 
65 





IN 
IN 


WARNING: Operations at or beyond these limits may result in permanent damage to the device. Normal operation not guaranteed at these extremes. 
1Excluding RTIP and RRING which must stay within -6V to RV + 0.3V. 
> Transient currents of up to 100 mA will not cause SCR latch-up. TTIP, TRING, TV+ and TGND can withstand a continuous current of 100mA. 





Electrical Characteristics (1, =-40° to 85°C, V+ = 5.0 V45%, GND =0V) 













| Parameter | Sym | Min | Max | Units | Test Conditions 
Total power dissipation * , 400 | mW 100% ones density & max 


< 
aS 


1H 
Low level input voltage ** (pins 1-5, 10, 23-28) a ao 
High level output voltage *° (pins 6-8, 11, 12, 23, 25) 
Low level output voltage *° (pins 6-8, 11, 12, 23, 25) 


ie acne 
anne 
| 


Lour™ 
Iour=!-6mA 










Input leakage current ° | | -, | 0 | +10 


3 Power dissipation while driving 75 Q load over operating temperature range. Includes device and load. Digital input levels are within 10% of the 
‘supply rails and digital outputs are driving a SO pF capacitive load. | 

4 Functionality of pins 23 and 25 depends on mode. See Host / Hardware Mode descriptions. 

5 Output drivers will output CMOS logic levels into CMOS loads. 

6 Except MTIP and MRING [, = +50 pA. 


Analog Specifications (T, =-40° to 85°C, V+ = 5.0 V+5%, GND =0 V) 










Parameter 
AMI Output Pulse Amplitudes 


=| 
< 
GD 


=|2 tw | Wo 
Dolo Wl 
On 


Test Conditions 
measured at the DSX 


measured at line side 


DSX-1 
| CEPT | 
Recommended output load at TTIP and TRING | 
Jitter added by the transmitter ’ 10Hz - 8kHz 

| 8kHz - 40 kHz 
10Hz - 40 kHz 
Broad Band 
Sensitivity below DSX ( 0dB = 2.4V) 





oS 
& 


13. 


Loss of Signal threshold 
Data decision threshold 


S 

Nn 

RS} 

% (</2(G/S(S/S|S|S|</< 
= 


~ DSX-1 
CEPT 
Allowable consecutive zeros before LOS 
Input jitter tolerance = 10kHz- 100kHz 
Jitter attenuation curve corner frequency ° | 


Minimum Return Loss * ° | Transmit Receive 
a Min Typ | Min Typ. 
| | S1kHz - 102kHz | 20 2 


8 
102 kHz - 2.048 MHz 2 28 
2.048 MHz - 3.072 MHz 20 24 


PS 


pd 
NN 
So 


S oN S NIN 
™=ilamin lo ~} |W | bo 


mitral 
Ne) 

BS 

ae) 

J 


—) 


i 


; 
No 
oO 
we) 
cm) 
— 


No 
on) 





NO 
MN 





7 Input signal to TCLK is jitter-free. 
® Circuit attenuates jitter at 20 dB/decade above the corner frequency. 
° In accordance with CCITT G.703/RC6367A return loss specifications when wired per Figure 10 (DSX-1) or Figure 11 (CEPT). 


10 Guaranteed by design. (LE 
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Recommended Operating Conditions 
--—- Parameter | Sym |) Min | 








' TV+ must not exceed RV+ by more than 0.3 V. 


MCLK 
MCLK J 1 CLKE/TAOS Ei eae 
TCLK 2 SCLK/LLOOP TNEG CS/ALOOP 
TPOS 3 CS/RLOOP 
TNEG 4 SDO/EC3 
MODE SDO/EC3 
MODE 5 SDI/EC2 RNEG SDVEC2 
RNEG 6 INT/EC1 ' RPOS INT/EC1 
RPOS 7 RGND RCLK RGND 
RCLK 8 RV+ XTALIN RV 
XTALIN 9 RRING XTALOUT RRING 
coed ave ai "10 13 14 15 16 17 1019 ane 
DPM MRING | a rey 
LOS MTIP LOS MRING 
TTIP TRING TTIP MTIP 
TGND TV+ TGND TRING 





TV+ 


28-pin DIP 
Table 1: Pin Descriptions | 


A 1.544 or 2.048 MHz clock input used to generate internal clocks. Upon 
1 MCLK Master Clock | Loss of Signal (LOS), RCLK is derived from MCLK. If MCLK is not 
applied, this pin should be grounded. 
2 TCLK Transmit | Transmit clock input. TPOS and TNEG are sampled on the falling edge of 
Clock TCLK. If TCLK is not supplied, the transmitter remains powered down. 
3 TPOS | I Transmit Input for positive pulse to be transmitted on the twisted-pair line. 
Positive Data 
4 TNEG Transmit Input for negative pulse to be transmitted on the twisted-pair line. -- .. 
Negative Data 


| Setting MODE to logic 1 puts the LXT304A in the Host mode. In the Host 
5 | MODE Mode Select 


mode, the serial interface is used to control the LXT304A and determine its 
status. 

Se _ 

vies 


Setting MODE to logic 0 puts the LXT304A in the Hardware (H/W) mode. 
RCLK Recovered 
Clock 


In the Hardware mode the serial interface is disabled and hard-wired pins 
(LEVEL : 
ONEo 2-25 


28-pin PLCC 


































are used to control configuration and report status. 










Received data outputs. A signal on RNEG corresponds to receipt of a 
negative pulse on RTIP and RRING. A signal on RPOS corresponds to 
receipt of a positive pulse on RTIP and RRING. RNEG and RPOS outputs 
are Non-Return-to-Zero (NRZ). Both outputs are stable and valid on the 
rising edge of RCLK. In the Host mode, CLKE determines the clock edge 
at which these outputs are stable and valid. In the Hardware mode both 
outputs are stable and valid on the rising edge of RCLK. 






Receive. 
Negative Data 
























Receive - 
Positive Data 






This is the clock recovered from the signal received at RTIP and RRING. 
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Table 1: Pin Descriptions continued 


XTALIN Crystal Input | An external crystal operating at four times the bit rate (6.176 MHz for DSX-1, 
8.192 MHz for El applications with an 18.7pF load ) is required to enable the 
weut ~ ™ 










jitter attenuation function of the LXT304A. These pins may also be used to 
disable the jitter attenuator by connecting the XTALIN pin to the positive 
supply through a resistor, and tying the XTALOUT pin to ground. 








DPM goes to a logic 1 when the transmit monitor loop (MTIP and MRING) 












Driver 
DPM Performance | does not detect a signal for 63 +2 clock periods. DPM remains at logic 1 
Monitor until a signal is detected. : 








LOS goes to a logic 1 when 175 consecutive spaces have been detected. 
Loss Of Signal | LOS returns to a logic 0 when the received signal reaches 12.5% ones density, 
based on 4 ones in any 32 bit periods with no more than 15 consecutive zeros. 


_—_ 


po 


Differential Driver Outputs. These low impedance outputs achieve maximum 
power savings through a 1:1.15 transformer (T1), or a 1:1 (75 Q) or 1:1.26 


Transmit Ring | (120- Q) transformer (E1) without additional components. To provide higher 
| return loss, resistors may be used in series with a transformer as specified in 
Tables 8, 9 and 10. | 


16 | TRING 


14 | TGND 


Transmit Ground return for the transmit drivers power supply TV+. 
Ground _ 








5 





+5 VDC power supply input for the transmit drivers. TV+ must not vary from 
RV+ by more than +0.3V. 


Transmit 
Power Supply 


|omee 


Receive Tip 


Receive Power | +5 VDC power supply for all circuits except the transmit drivers. 
(Transmit drivers are supplied by TV+.) 


~] 


These pins are used to monitor the tip and ring transmit outputs. The trans- 
ceiver can be connected to monitor its own output or the output of another 

LXT304A on the board. To prevent false interrupts in the host mode if the 
monitor is not used, apply a clock signal to one of the monitor pins and tie the. 
other monitor pin to approximately the clock’s mid-level voltage. The monitor 
clock can range from 100kHz to the TCLK frequency. 











18 | MRING 





The AMI signal received from the line is applied at these pins. A center- 
tapped, center-grounded, 2:1 step-up transformer is required on these pins. 
Data and clock from the signal applied at these pins are recovered and output 
on the RPOS/RNEG, and RCLK pins. 








NO 
—_ 





22 RGND Receive 


Ground 


Ground return for power supply RV+. 






ay Nab] yea] elale 
ee 2 ee ee ee ae 
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Table 1: Pin Descriptions continued 









Description 







This LXT304A Host mode output goes low to flag the host processor 
when LOS or DPM go active. INT is an open-drain output and should 
be tied to power supply RV+ through a resistor. INT is reset by 

clearing the respective register bit (LOS and/or DPM.) ) 






Interrupt 
(Host Mode) 








The signal applied at this pin in the LXT304A Hardware mode is used 
in conjunction with EC2 and EC3 inputs to determine shape and 
amplitude of AMI output transmit pulses. 










Equalizer Control 1 
(H/W Mode) 






The serial data input stream is applied to this pin when the LXT304A 
‘Operates in the Host mode. SDI is sampled on the rising edge of SCLK. 








The signal applied at this pin in the LXT304A Hardware mode is used 
in conjunction with EC1 and EC3 inputs to determine shape and 
amplitude of AMI output transmit pulses. 









Equalizer Control 2 
(H/W Mode) 












The serial data from the on-chip register is output on this pin in the — 
LXT304A Host mode. If CLKE is high, SDO is valid on the rising 
edge of SCLK. If CLKE is low SDO is valid on the falling edge of 
SCLK. This pin goes to a high-impedance state when the serial port is 
being written to and when CS is high. 






Serial Data Out 
(Host Mode) 











The signal applied at this pin in the LXT304A Hardware mode is used 
in conjunction with EC1 and EC2 inputs to determine shape and 
amplitude of AMI output transmit pulses. 


Equalizer Control 3 
(H/W Mode). 

















Chip Select 
(Host Mode) 


This input is used to access the serial interface in the LXT304A Host 
mode. For each read or write operation, CS must transition from high 
to low, and remain low. 


This input controls loopback functions in the LXT304A Hardware 
RLOOP Remote Loopback | mode. Setting RLOOP to a logic 1 enables the Remote Loopback 
(H/W Mode). mode. Setting both RLOOP and LLOOP causes a Reset . 
SCLK Serial Clock This clock is used in the LXT304A Host mode to write data to or read 
7 (Host Mode) data from the serial interface registers. 


| Local Loopback This input controls loopback functions in the LXT304A Hardware 
LLOOP | I (H/W Mode) mode. Setting LLOOP to a logic 1 enables the Local Loopback Mode. : 


Setting CLKE to logic 1 causes RPOS and RNEG to be valid on the 
CLKE _ Clock Edge © falling edge of RCLK, and SDO to be valid on the rising edge of 
(Host Mode) SCLK. When CLKE is a logic 0, RPOS and RNEG are valid on the 















rising edge of RCLK, and SDO is valid on the falling edge of SCLK. 


| | When set to a logic 1, TAOS eqnnes the LXT304A (Hardware mode) to 
TAOS Transmit All Ones | transmit a continuous stream of marks at the TCLK frequency. Activat- 
(H/W Mode) ing TAOS causes TPOS and TNEG inputs to be ignored. TAOS is 


inhibited during Remote Loopback. 
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Functional Description | 


The LXT304A is a fully integrated PCM transceiver for both 
1.544 MHz (DSX-1) and 2.048 MHz (E1) applications. It 
allows full-duplex transmission of digital data over existing 
twisted-pair installations. 


Figure 1 is asimplified block diagram of the LXT304A. The 
-LXT304A transceiver interfaces with two twisted-pair lines, 
one twisted-pair for transmit, one twisted-pair for receive. 


Receiver 


The LXT304A receives the signal input from one twisted- 
pair line on each side of a center-grounded transformer. 
Positive pulses are received at RTIP and negative pulses are 
received at RRING. Recovered data is output at RPOS and 
RNEG, and the recovered clock is output at RCLK. Refer to 
Table 2 and Figure 2 for LXT304A receiver timing. 


The signal received at RPOS and RNEG is processed 
through the peak detector and data slicers. The peak detector 


Table 2: LXT304A Receive Characteristics (See Figure 2) 





RCLK rising to RPOS / 
~ RNEG hold time 


samples the inputs and determines the maximum value of 
the received signal. A percentage of the peak value is 
provided to the data slicers as a threshold level to ensure 
optimum signal-to-noise ratio. For DSX-1 applications 
(determined by Equalizer Control inputs EC1 - EC3 + 000) 
the threshold is set to 70% of the peak value. This threshold 
is maintained above 65% for up to 15 successive zeros Over 
the range of specified operating conditions. For El 
applications (EC inputs = 000 or 001) the threshold is 50 %. 


The receiver is capable of accurately recovering signals with 
up to -13.6 dB of attenuation (from 2.4 V), corresponding to. 


a received signal level of approximately 500 mV. Maxi- 


mum line length is 1500 feet of ABAM cable (approxi- 
mately 6 dB of attenuation). Regardless of received signal 
level, the peak detectors are held above a minimum level of 
.3 V to provide immunity from impulsive noise. 


After processing through the data slicers, the received signal 
is routed to the data and clock recovery sections, and to the 
receive monitor. The data and clock recovery circuits are 
highly tolerant with an input jitter tolerance significantly 
better than required by Pub 62411, as shown in Figure 3. 


[oe [une | Tost onatone 


1 Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing. 


Figure 2: LXT304A Receive Clock Timing 
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The receiver monitor loads a digital Figure 3: Typical Receiver Input Jitter Tolerance (Loop Mode) 
counter at the RCLK frequency. The 
count is incremented each time a zero is 
received, and reset to zero each time a 
one (mark) is received. Upon receipt of 
175 consecutive zeros the LOS pin goes 
high, and a smooth transition replaces 
the RCLK output with the MCLK. (If 
MCLK is not supplied the RCLK output 
will be replaced with the centered crys- 
tal clock.) The LOS pin is reset when 
the received signal reaches 12.5% ones 
density (4 marks in 32 bits) with no 
more than 15 consecutive zeros. 


LXT304A Performance 


Recovered clock signals are supplied to 
the jitter attenuator and the data latch. 
The recovered data is passed to the 
elastic store where it is buffered and 
synchronized with the dejittered recov- 
ered clock (RCLK). 


Jitter Attenuation 


Jitter attenuation of the LXT304A ee plumes ZS 
clock and data outputs is provided by a 100 Hz -1kHz 10 kHz 100 kHz 
Jitter Attenuation Loop (JAL) and an Frequency 

Elastic Store (ES). An external crystal 7 
oscillating at 4 times the bitrate provides clockstabilization.  dejittered clock from the JAL. When the bit count in the ES 
Refer to Table 3 for crystal specifications. The ES isa32x is within two bits of overflowing or underflowing, the ES 
2-bitregister. Recovered data is clockedinto the ES withthe | adjusts the output clock by 1/8 of a bit period. The ES 
recovered clock signal, and clocked out of the ES with the | produces an average delay of 16 bits in the receive path. 





Table 3: LXT304A Crystal Specifications (External) | 


a 
6.176 MHz 8.192 MHz | 


Frequency Stability +20 ppm @ 25°C +20 ppm @ 25°C 


+ 25 ppm from -40° C to + 85° C + 25 ppm from -40° C to + 85° C 
(Ref 25° C reading) (Ref 25° C reading) 


CL = 11 pF to 18.7 pF, +AF = 175 to 195 ppm} CL = 11 pF to 18.7 pF, +AF = 95 to 115 pp 
CL = 18.7 pF to 34 pF, -AF = 175 to 195 ppm | CL = 18.7 pF to 34 pF, -AF = 95 to 115 ppm 


Effective series resistance| 40 Q Maximum 30 Q Maximum 
Coal 

























Pullability 







Resonance Parallel Parallel 
Maximum drive level 
Mode of operation 


HC49 (R3W), C, = 7 pF maximum HC49 (R3W), C, = 7 pF maximum 
ee | C,, = 17 fF typical a C,, = 17 fF typical 
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Transmitter 


_ Data received for transmission onto the line is clocked 
serially into the device at TPOS and TNEG. Input synchro- 
nization is supplied by the transmit clock (TCLK). If TCLK 
is not supplied the transmitter remains powered down, 
except during remote loopback. Refer to Table 4 and Figure 
4 for master and transmit clock timing characteristics. 


The transmitted pulse shape is determined by Equalizer 
Control signals EC1 through EC3 as shown in Table S. 
Equalizer Control signals may be hardwired in the Hardware 
mode, or input as part of the serial data stream (SDI) in the 
Host mode. Shaped pulses are applied to the AMI line driver 
for transmission onto the line at TTIP and TRING. The line 
driver provides a constant low output impedance of 3 Q 
(typical). This well controlled output impedance provides 
excellent return loss (> 20 dB) when used with external 
9.4 Q precision resistors (£ 1% accuracy) in series with a 


transmit transformer with a turns ratio of 1:2.3 (4 2% | 
accuracy). Series resistors also provide increased surge 
protection and reduce short circuit current flow. 


Pulses can be shaped for either 1.544 or 2.048 MHz applica- 
tions. 1.544 MHz pulses for DSX-1 applications can be 
programmed to match line lengths from 0 to 655 feet of 


~ABAM cable. The LXT304A also matches FCC and ECSA 
- specifications for CSU applications. 


A 1:1.15 transmit 
transformer is used for 1.544 MHz systems. For higher 
return loss in DSX-1 applications, use 9.4 Q resistors in | 
series with a 1:2.3 transmit transformer. 


2.048 MHz pulses can drive coaxial or shielded twisted-pair 
lines. For El systems, a 1:2 transmit transformer and series 
resistors are recommended. This design meets or exceeds all 
CCITT and European PTT specifications for transmit and 
receive return loss. A 1:1or1:1 26 transformer may be used 
without series resistors. 


Table 4: LXT304A Master Clock and Transmit Timing Characteristics (See Figure 4) 








Parameter 





Master clock pence part ) MCLK 


ee 






1 Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing. 


Figure 4: LXT304A Transmit Clock Timing 


THT 
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Driver Performance Monitor 


The transceiver incorporates a Driver Performance Monitor 
_ (DPM) in parallel with TTIP and TRING at the output 
transformer. The DPM output goes high upon detection of 
63 consecutive zeros. It is reset when a one is detected on the 
transmit line, or when a reset command is received. 


Line Code 


The LXT304A transmits data as a 50% AMI line code as 
shown in Figure 5. The output driver maintains a constant 
low output impedance regardless of whether it is driving 
marks or spaces. 


Figure 5: 50% AMI Coding 


1 


Operating Modes 


The LXT304A transceiver can be controlled through hard- 
wired pins (Hardware mode) or by a microprocessor through 
a serial interface (Host mode). The mode of operation is set 
by the MODE pin logic level. The LXT304A can also be 
commanded to operate in one of several diagnostic modes. 


Host Mode Operation 


To allow a host microprocessor to access and control the 
LXT304A through the serial interface, MODE is set to 1. 


Table 5: Equalizer Control Inputs 





0 - 133 ft ABAM 


: 0 0 133 - 266 ft ABAM 
1 0 1 266 - 399 ft ABAM 
: : 399 - 533 ft ABAM 


533 - 655 ft ABAM 


CCITT Recommendation G.703 = 2.048 MHz 
E1 - Twisted-pair (120 ome 


FCC Part 68, | FCC Part 68, OptionA A 





' Line length from transceiver to DSX-1 cross-connect point. 


2 Maximum cable loss at 772 kHz. 


ex 





Kio Mint Bool Line Length’ Cable Loss? Application 








The serial interface (SDI/SDO) uses a 16-bit word consist- 
ing of an 8-bit Command/Address byte and an 8-bit Data | 
byte. Figure 6 shows the serial interface data structure and — 
timing. 


The Host mode provides a latched Interrupt output (INT) 
which is triggered by a change in the Loss of Signal (LOS) 
and/or Driver Performance Monitor (DPM) bits. The 
Interrupt is cleared when the interrupt condition no longer 
exists, and the host processor enables the respective bit in 
the serial input data byte. Host mode also allows control 
of the serial data and receive data output timing. The Clock 
Edge (CLKE) signal determines when these outputs are 
valid, relative to the Serial Clock (SCLK) or RCLK as 
follows: 


eure [ouput | coor [vata zaoe 





_ The LXT304A serial port is addressed by setting bit A4 in 


the Address/Command byte, corresponding to address 16. 
The LXT304A contains only a single output data register so 
no complex chip addressing scheme is required. The register 
is accessed by causing the Chip Select (CS) input to transi- 
tion from high to low. Bit 1 of the serial Address/Command 
byte provides Read/Write control when the chip is accessed. 
A logic 1 indicates a read operation, and a logic 0 indicates 
a write operation. Table 6 lists serial data output bit combi- 
nations for each status. Serial data I/O timing characteristics 
are shown in Table 7, and Figures 7 and 7. 





_ 


E1 - Coax (75 Q) 





CSU (DS-1) 1 | 1.544 MH MHz 
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Hardware Mode Operation 


In Hardware mode the transceiver is accessed and controlled 


through individual pins. With the exception of the INT and | 


CLKE functions, Hardware mode provides all the functions 
provided in the Host mode. In the Hardware mode RPOS 
and RNEG outputs are valid on the rising edge of RCLK. To 
operate in Hardware mode, MODE must be set to 0. 


Equalizer Control signals (EC1 through EC3) are input on 


the Interrupt, Serial Data In and Serial Data Out pins. 


Diagnostic control for Remote Loopback (RLOOP), Local — 


Loopback (LLOOP), and Transmit All Ones (TAOS) 
modes is provided through the individual pins used to 


control serial interface timing in the Host mode. 
Reset Operation © 


Upon power up, the transceiver is held static until the power 
supply reaches approximately 3V. Upon crossing this 
threshold, the device begins a 32 ms reset cycle to calibrate 
the transmit and receive delay lines and lock the Phase Lock 
Loop to the receive line. A reference clock is required to 
calibrate the delay lines. The transmitter reference is pro- | 


vided by TCLK. The crystal oscillator provides the receiver _ 


reference. If the LXT304A crystal oscillator is grounded, 
MCLK is used as the receiver reference clock. 


Table 6: LXT304A Serial Data Output Bits (See Figure 6) 


a [bos o7 


Status 


Reset has occurred, or no program input. 


TAOS active 


Local Loopback active 


TAOS and Local Loopback active 


Remote Loopback active 


DPM has changed state since last Clear DPM occurred 


LOS has changed state since last Clear LOS occurred 


LOS and DPM have both changed state since last Clear DPM and Clear LOS 


occurred 








SDI/SDO 


ADDRESS / 
COMMAND 
BYTE 





R/W = 1: READ 
R/W =0: WRITE 





CLEAR INTERRUPTS 


2-32 





~ Los Ec1| Ec2 | EC3 |REMOTEILOCAL| TAOS 
DO (LSB) | D7 (MSB) 


X = DON'T CARE 















SET LOOPBACKS OR RESET | 
: NOTE: Output Data | 


Byte same as Input 
Data Byte shown at 
left, except for Bits D5 
through D7 shown in 
Table 6 above. 


 GQ(@ LEVEL 
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Table 7: LXT304A Serial /O Timing Characteristics (See Figures 7 and 8) 


Oe. we Od oe Bl 


Tecra ayanione |e || - [|= | taieanser 
[spiiescikeapine | | s0| p= | m | 
, 









= 











= 


D 

C 
SCLK rise and fall time 
CS to SCLK setup time 
SCLK to CS hold time 

D 





eo 


Mai an 


o> 


SCLK to SDO valid 


SCLK falling edge or CS rising edge | ty, 
to SDO high Z 


' Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing. 


ot 


Figure 7: LXT304A Serial Data Input Timing Diagram 
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The transceiver can also be reset from the Host or Hardware 
mode. In Host mode, reset is commanded by simultaneously 
writing RLOOP and LLOOP to the register. In Hardware 
mode, reset is commanded by holding RLOOP and LLOOP 
high simultaneously for 200 ns. Reset is initiated on the 
falling edge of the reset request. In either mode, reset clears 
and sets all registers to 0 and then calibration begins. 


Diagnostic Mode Operation 


In Transmit All Ones (TAOS) mode the TPOS and TNEG 


inputs to the transceiver are ignored. The transceiver trans- _ 


mits a continuous stream of 1's atthe TCLK frequency when 
_ TAOS is activated. TAOS can be commanded simultane- 
ously with Local Loopback, but is inhibited during Remote 
Loopback. | : 


-InRemote Loopback (RLOOP) mode, the transmit data and 


clock inputs (TPOS, TNEG and TCLK) are ignored. The 
RPOS and RNEG outputs are looped back through the 
transmit circuits and output on TTIP and TRING at the 
RCLK frequency. Receiver circuits are unaffected by the 
RLOOP command and continue to output the RPOS, RNEG. 
and RCLK signals received from the twisted-pair line. — 


In Local Loopback (LLOOP) mode, the receiver circuits are 
inhibited. The transmit data and clock inputs (TPOS, TNEG — 
and TCLK) are looped back onto the receive data and clock 
outputs (RPOS, RNEG and RCLK.) The transmitter circuits 
are unaffected. The TPOS and TNEG inputs (or a stream of 
I's if the TAOS command is active) will be transmitted 
normally. When used in this mode with a crystal, the 
transceiver can be used as a stand-alone jitter attenuator. 


Figure 9: Typical LXT304A 1.544 MHz T1 Application (Host Mode) 
TO HOST CONTROLLER 


1.544 MHz CLOCK 


LXP2180A 
T1 ESF 
FRAMER 


| |TMSYNC TFSYNC {| 


| LXP600A_ |_ 
TetKo CLAD SKIL 
2.048 MHz FST] 


LXT304A 
TRANSCEIVER 


MCLK  CLKE na 
TCLK SCLK Po 
TPOS cs [7] 
ss. ef 
= 
INT [|] 


TNEG 
MODE 


RNEG 
OV 


RPOS 
= 0.1 pF 
RCLK , ce =e 
Eo 68 pF 
XTALIN = | 
3 | 5 21:1 
z LINE <q 
ed a RECEIVE 


“aie 
POLARIZED 
a 


XTALOUT 
DPM 
LOS 


TTIP 544 MHz 


1 
0.47 pF T1 LINE 
1:14.18 


V+ 


NOTE]1 | IN ADDITION TO THE LXP2180A, THE LXT304A IS COMPATIBLE WITH A WIDE VARIETY OF DIGITAL FRAMING AND SIGNALING . 


DEVICES, INCLUDING THE LXP2181A, DS2180A, MT8976, AND R8070. © 
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Power Requirements 


The LXT304A is a low-power CMOS device. It operates 
from a single +5 V power supply which can be connected 
externally to both the transmitter and receiver. However, the 
two inputs must be within+ .3 V ofeach other, and decoupled 
to their respective grounds separately, as shown in Figure 9. 
Isolation between transmit and receive circuits is provided 
internally. During normal operation, TAOS or LLOOP, the 
transmitter powers down if TCLK is not supplied. 


Applications 
1.544 MHz T1 Interface Applications 


Figure 9is atypical 1.544 MHz T1 application using a 1:1.15 
transmit transformer without in-line resistors to provide 
maximum power savings. The LXT304A is shown in the 
Host mode with the LXP2180A T1/ESF Framer providing 
the digital interface with the host controller. Both devices 
are controlled through the serial interface. An LXP600A 
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Figure 10: Typical LXT304A DSX-1 Application (Hardware Mode) 
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Clock Adapter (CLAD) provides the 2.048 MHz system 
backplane clock, locked to the recovered 1.544 MHz clock 
signal. The power supply inputs are tied to a common bus 
with appropriate decoupling capacitors installed (1.0 pF on 
the transmit side, 68uF and 0.1 UF on the receive side.) 


1.544 MHz DSX-1 Applications 


Figure 10 is a 1.544 MHz DSX-1 application using EC code 


011. For DSX-1 applications, series resistors can be used 
to provide higher return loss. Table 8 lists transformer ratios, 
Rt values and typical return losses for 1.544 MHz EC codes. 


Table 8: T1/DSX-1 Output Combinations (100 Q) 
EC Xfmr Ratio' RtValue* Rtn Loss° 
1: 1.15 Rt=0Q_ 0.5 dB 


O11 - 111 i Wee? 4 Rt = 9.4 Q 20 dB 
O11 - 111 L323 Rt=9.4Q 28 dB 
! Transformer turns ratio accuracy is + 2 %. 


2 Rt values are + 1 %. . 
3 Typical return loss, 102 kHz - 2.048 MHz band. 
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2.048 MHz E1 Interface Applications 


Figure 11 isa2.048 MHz E1 TWP application using EC code 
001 and 15 Q Rt resistors in line with the transmit trans- 


former to provide high return loss and surge protection. _ 


When high return loss is not a critical factor, a 1:1 or 1:1.26 
transformer without in-line resistors provides maximum 
power savings. Tables 9 and 10 list typical return loss figures 
for various transformer ratios, Rt values and associated 
2.048 MHz EC codes for 75 Q coax and 120 Q TWP, 
respectively. The LXT304A is shown in Hardware mode 
with the LXP2181A E1/CRC4 Framer. The hard-wired 
control lines for TAOS, LLOOP and RLOOP are individu- 
ally controllable, and the LLOOP and RLOOP lines are also 
tied to asingle control for the Reset function. As inthe DSX- 
1 application Figure 10, this configuration is illustrated with 
a crystal in place to enable the LXT304A Jitter Attenuation 
Loop, and a single power supply bus. 
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Figure 11: LXT304A 2.048 MHz E1 Application (Hardware Mode) 
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NOTE] 2} Various transformer ES TTIP 
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| _ Rt values are listed in te TGND. 


Table 9: E1 Output Combinations (75 Q) 
EC Xfmr Ratio’ Rt Value? Rin Loss* 
5 dB 






















001 4 Rt=10Q 
001 1:2 Rt=143Q  12dB 
000 1:1 Rt=0Q 0.5 dB 


000 Rt=9.4Q 24 dB 


1 Transformer turns ratio accuracy is + 2 %. 
2 Rt values are + 1 %. 
3 Typical return loss, 102 kHz - 2.048 MHz band. 


Table 10: E1 Output Combinations (120 Q) 
Rt Value’ 
Rt=0Q 


Rt=15Q 

Rt=0Q 

Rt = 8.7 Q 
3 Transformer turns ratio accuracy is + 2 %. 


2 Rt values are + 1 %. 
3 Typical return loss, 102 kHz - 2.048 MHz band. 
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D4 Channel Bank Applications 


Existing D4 Channel Bank architectures frequently employ: 
(1) a plug-in card for T1 pulse generation (6.0 V peak); and 
(2) a separate card for pulse shaping and Line Build-Out 
(LBO). The LXT304A integrates the functions of both cards 
on asingle chip producing a DSX-1 compatible, 3.0 V peak 
output pulse with a standard transformer. In new designs, 
the LXT304A can replace two cards with one. However, the 
LXT304A is also compatible with existing dual-card archi- 
‘tectures. With an appropriate output transformer, the 
LXT304A can produce full 6.0 V peak amplitude pulses 
suitable for D4 Channel Bank applications with separate 
pulse shaping/LBO cards. 


To achieve the 6.0 V peak output, the FCC Part 68-010 
Equalizer Code setting is used. (EC = 010). With the 
standard 1:1.15 transformer, this code produces a3.0 V peak 
pulse. However, doubling the transformer turns ratio to 
1:2.30 produces the desired 6.0 V peak pulse. 


Figure 12 shows a D4 Channel Bank application circuit 
using the correct Equalizer Code setting and transformer. 
Transformer specifications are listed in Table 11. Vendors 
supplying suitable transformers include Pulse Engineering, 
Bel Fuse, Midcom and Schott. Application circuit function-— 
ality was confirmed using a Pulse Engineering PE65558 
transformer. 


Table 11: Transformer Specifications 


Turns Ratio 1:2.3 (45 %) 
1.2 mH min 
0.5 wH max 
















Primary Inductance 







Leakage Inductance 
Interwinding Capacitance 25 pF max 


Series Resistance 1.0 Q PRI 


Note: Typical pulse undershoot = 30% (£10) %. 


Figure 12: LXT304A 1.544 MHz D4 Channel Bank Applications (Hardware Mode) 
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Note: For D4 Channel Bank applica- 
tions, the LXT304A can be used in either 
the hardware control mode (shown) or 


the software control mode. Under soft- | 
ware control, the EC code is set through 
the serial channel. | 
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The LXT305 isa fully integrated transceiver for both North C tible with most popular PCM framers includin 
American 1.544 MHz (T1), and European 2.048 MHz(El) "1 5<PD180A and LXPDISTA eae 
applications. Transmit pulse shapes (T1 or E1) are se- 
lectable for various line lengths and cable types. ¢ Line driver, data recovery and clock recovery functions 


Sa Sa eK NCO ID 


The LXT305 provides transmit jitter attenuation starting at_ = + Minimum receive signal of 500 mV 

3 Hz, and is microprocessor controllable through a serial 

interface. Itis especially well suited for applicationsinvolv- _—«_ Selectable slicer levels (T1/E1) improve SNR 

ing T1 and higher rates such as M13 mux, SONET, etc. A 

variety of diagnostic features including transmit and receive | ¢ Programmable transmit equalizer shapes pulses to meet 
monitoring are incorporated. Clock inputs may be derived DSX-1 pulse template from 0 to 655 ft 

from an on-chip crystal oscillator or digital inputs. 





¢ Local and remote loopback functions 


_ The LXT305, an advanced double-poly, double-metal ar ; 
CMOS device, requires only a single 5-volt power supply. * Transmit Driver Performance Monitor (DPM) output 


¢ Receive monitor with Loss of Signal (LOS) output 








¢ SONET Equipment 


¢ Receiver jitter tolerance 0.4 UI from 40 kHz to 100 kHz 
¢ M13 Multiplexers 


¢ PCM / Voice Channel Banks ¢ Pin and functional compatibility with Crystal CS61535 _ 
¢ Data Channel Bank / Concentrator | 
¢ T1/E1 multiplexer | ¢ Replaces CS61534 


¢ Digital Access and Cross-connect Systems (DACS) | 


; ¢ Transmit jitter attenuation starting at 3 Hz | 
¢« Computer to PBX interface (CPI & DMI) 


¢ High speed data transmission lines ¢ Microprocessor controllable 
* Interfacing Customer Premises Equipment to a CSU hee 
¢ Digital Loop Carrier (DLC) terminals ° Available in 28 pin DIP and PLCC 
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Absolute Maximum Ratings _ 


| Parameter | sym | Min | Max 
DC wpply_Gtocneo GND) —[ —Rve, Tee | | 30 
Input voltage, any pin ! | RGND - 0.3 RV+ + 0.3 


WARNING: Operations at or beyond these limits may result in permanent damage to the device. Normal operation not guaranteed at these extremes. 


1 Excluding RTIP and RRING which must stay within -6V to RV + 0.3V. 


? Transient currents of up to 100 mA will not cause SCR latch-up. TTIP, TRING, TV+ and TGND can withstand a continuous current of 100mA. 








| Units 





Recommended Operating Conditions 


[Parameter [sym | win | Typ | Max 
Rvs, Tvs | 475150 | 525 


3TV+ must not exceed RV+ by more than 0.3 V. 
‘Power dissipation while driving 25 Q load over operating temperature range. Includes device and load. Digital input levels are within 10% of the 
supply rails and digital outputs are driving a 50 pF capacitive load. . 















100% ones density & maximum 
line length @ 5.25 V 


Digital Characteristics (1, = -40° to 85°C, V+ = 5.0 V 45%, GND =0 V) 


| Parameter | Sym | Min _| Typ | Max | 
High level input voltage >° (pins 1-5, 10, 23-28) 


' Poel 
Low level input voltage > * (pins 1-5, 10, 23-28) =a 
High level output voltage * (pins 6-8, 11, 12, 23, 25) 4) - | 





i aes 
aire 
PHA 


set cocettn eal 
#10 | wA | 










oO 
Low level output voltage > ° (pins 6-8, 11, 12, 23, 25) a eee 
Input leakage current ms 


Three-state leakage current? (pin 25) 


FF 
' 
jn 
© 





>Functionality of pins 23 and 25 depends on mode. See Host / Hardware Mode descriptions. 
Output drivers will output CMOS logic levels into CMOS loads. 


Analog Specifications (1, = -40° to 85°C, V+ = 5.0 V +5%, GND = 0 V) 


AMI Output Pulse Amplitudes |_T1 | 

| | 
Recommended Output Load at TTIP and TRING 
Jitter added by the transmitter 7 
| | 


Sensitivity below DSX ( OdB = 2.4V) : 


Loss of Signal threshold 


Data decision threshold T1 


Allowable consecutive zeros before LOS | 160 


Input jitter tolerance 10kHz - 100kHz : 
Jitter attenuation curve corner frequency * | 


7Input signal to TCLK is jitter-free. 


* Circuit attenuates jitter at 20 dB/decade above the comer frequency. . f (c L EV EF L 










| Units | Test Conditions 
| Vv measured at the DSX 
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MCLK 
TCLK CLKE/TAOS 
MCLK 1 CLKE/TAOS TPOS SCLK/LLOOP 
TCLK 2 SCLK/LLOOP eG Semicon 
TPOS 3 CS/RLOOP 
TNEG 4 SDO/EC3 
MODE 5 SDI/EC2 MODE SDO/EC3 
RNEG 6 INT/EC1 RNEG SDI/EC2 
RPOS 7 RGND RPOS INT/EC1 
rcik Q 8 RV+ RCLK RGND 
XTALIN G 9° RRING etn ay 
ae ee XTALOUT RRING 
TIP TRING 
TGND TV+ LOS MRING 
is TTIP MTIP 
TGND TRING 





28-pin DIP 


TV+ 


Pin Descriptions 


a of om [ee 


MCLK Master Clock 
TCLK Transmit 
Clock 


TPOS opaneiait 
Positive Data 


Transmit 
MODE 











A 1.544 or 2.048 MHz clock input used to generate internal clocks. Upon 
Loss of Signal (LOS), RCLK is derived from MCLK. If MCLK is not 
applied, this pin should be grounded. 








Transmit clock input. TPOS and TNEG are sampled on the falling edge of 
TCLK. Except during remote loopback, the transmitter remains powered 
down if TCLK is not supplied. 





Input for positive pulse to be transmitted on the twisted-pair line. 






Input for negative pulse to be transmitted on the twisted-pair line. 








Negative Data 


i Mode Select 













Setting MODE to logic 1 puts the LXT305 in the Host mode. In the Host 
mode, the serial interface is used to control the LXT305 and determine its 
status. 

Setting MODE to logic 0 puts the LXT305 in the Hardware (H/W) mode. 
In the Hardware mode the serial interface is disabled and hard-wired pins 
are used to control configuration and report status. 






Receive 
Negative Data 






Received data outputs. A signal on RNEG corresponds to receipt of a 
negative pulse on RTIP and RRING. A signal on RPOS corresponds to 
receipt of a positive pulse on RTIP and RRING. RNEG and RPOS outputs 
are Non-Return-to-Zero (NRZ). In the Host mode, CLKE determines the 
Receive clock edge at which these outputs are stable and valid. In the Hardware 
Positive Data | mode both outputs are stable and valid on the rising edge of RCLK. 


This is the clock recovered from the signal received at RTIP and RRING. 
Clock 
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Pin Descriptions continued 


Pet) Sm 
te XTALIN wu Crystal Input 


Crystal Output 


Description 

































An external crystal operating at four times the bit rate (6.176 MHz for T1, 
8.192 MHz for El applications) with an 18.7pF load 1 is required to enable the 
jitter attenuation function of the LXT305. 

These pins may also be used to disable the jitter attenuator by connecting the 
XTALIN pin to the positive supply through a resistor, and tying the 
XTALOUT pin to ground. 





Ul 


DPM goes to a logic 1 when the transmit monitor loop (MTIP and MRING) 












11 Driver 
Performance | does not detect a signal for 63 +2 clock periods. DPM remains at logic 1 
Monitor until a signal is detected. 


bo 


1 LOS goes to a logic 1 when 175 consecutive spaces have been detected. 


LOS returns to a logic 0 when a mark is received. 





Loss of Signal 


Transmit Ground return for the transmit drivers power supply TV+. 
Ground | 


LOS 








Differential Driver Outputs. These outputs are designed to drive a 25 Q 
load. The transmitter will drive 100 Q shielded twisted-pair cable through a 
2:1 step-up transformer without additional components. To drive 75Q coax- 
ial cable, two 2.2 Q resistors are required in series with the transformer. 


ay 


roar 


— 
> 


+5 VDC power supply input for the transmit drivers. TV+ must not vary 
from RV+ by more than +0.3V. 










Transmit 
Fowet Supply 





17 Monitor Tip _| These pins are used to monitor the tip and ring transmit outputs. The 
transceiver can be connected to monitor its own output or the output of 
| another LXT305 on the board. 
Host mode only: .To prevent false interrupts in the host mode if the monitor 
8 Monitor Ring | is not used, apply a clock signal to one of the monitor pins and tie the other 
| monitor pin to approximately the clock's mid-level voltage. The monitor 
clock can range from 100kHz to the TCLK frequency. | 
19 Receive Tip | The AMI signal received from the line is applied at these pins. A center- 
tapped, center-grounded, 2:1 step-up transformer is required on these pins. 
20 Receive Ring | Data and clock from the signal applied at these pins are recovered and output 


on the RPOS/RNEG, and RCLK pins. 





Receive Power | +5 VDC power supply for all circuits except the transmit drivers. 
(Transmit drivers are supplied by TV+.) 


Receive — | Ground return for power supply RV+. ae | 
Ground | : _ | , 
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Pin Descriptions continued 


This LXT305 Host mode output goes low to flag the host processor 
Interrupt when LOS or DPM go active. INT is an open-drain output and should 
(Host Mode) be tied to power supply RV+ through a resistor. INT is reset by 
clearing the respective register bit (LOS and/or DPM.) 





23 : 
The signal applied at this pin in the LXT305 Hardware mode is used 
Equalizer Control 1} in conjunction with EC2 and EC3 inputs to determine shape and 
(H/W Mode) amplitude of AMI output transmit pulses. 


EC1 


Serial Data In The serial data input stream is applied to this pin when the LXT305 
(Host Mode) operates in the Host mode. SDI is sampled on the rising edge of 
SCLK. 


SDI 


(H/W Mode) in conjunction with EC1 and EC3 inputs to determine shape and 
amplitude of AMI output transmit pulses. 


The serial data from the on-chip register is output on this pin in the 
Serial Data Out LXT305 Host mode. If CLKE is high, SDO is valid on the rising 
(Host Mode) edge of SCLK. If CLKE is low SDO is valid on the falling edge of 
SCLK. This pin goes to a high-impedance state when the serial port 
25 is being written to and when CS is high. 
EC3 Equalizer Control 3} The signal applied at this pin in the LXT305 Hardware mode is used 
(H/W Mode) in conjunction with EC1 and EC2 inputs to determine shape and 
‘ amplitude of AMI output transmit pulses. 


EC2 : Equalizer Control 2} The signal applied at this pin in the LXT305 Hardware mode is used 


CS Chip Select This input is used to access the serial interface in the LXT305 Host 
(Host Mode) mode. For each read or write operation, CS must transition from high 
to low, and remain low. 


26 3 
RLOOP Remote Loopback | This input controls loopback functions in the LXT305 Hardware 
(H/W Mode) mode. Setting RLOOP to a logic 1 enables the Remote Loopback 


mode. Setting both RLOOP and LLOOP causes a Reset . 


SCLK I Serial Clock This clock is used in the LX'T305 Host mode to write data to or read 
(Host Mode) data from the serial interface registers. _ 
27 . 


Local Loopback This input controls loopback functions in the LXT305 Hardware 
LLOOP (H/W Mode) mode. Setting LLOOP to a logic 1 enables the Local Loopback 





Mode. 


CLKE Setting CLKE to logic 1 causes RPOS and RNEG to be valid on the. 
(Host Mode) falling edge of RCLK, and SDO to be valid on the rising edge of 
| SCLK. When CLKE is a logic 0, RPOS and RNEG are valid on the 


28 rising edge of RCLK, and SDO is valid on the falling edge of SCLK. 


TAOS Transmit All Ones| When set to a logic 1, TAOS causes the LXT305 (Hardware mode) to 
(H/W Mode) transmit a continuous stream of marks at the MCLK frequency. 
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Functional Description 


The LXT305 is a fully integrated PCM transceiver for both | 


1.544 MHz (T1) and 2.048 MHz (E1) applications which 


allows full-duplex transmission of digital data over existing - 


twisted-pair installations. 


Figure 1 isa simplified block diagram of the LXT305. The 
LXT305 transceiver interfaces with two twisted-pair lines 
(one twisted-pair for transmit, one twisted-pair for receive) 
_ through standard pulse transformers and appropriate resis- 
tors. 


Transmitter 


Data received for transmission onto the line is clocked 
serially into the device at TPOS and TNEG. Input synchro- 
nization is supplied by the transmit clock (TCLK). If TCLK 
is not supplied, the transmitter remains powered down (ex- 
cept during remote loopback). The transmitted pulse shape 
is determined by Equalizer Control signals EC1 through 
EC3 as shown in Table 1. Refer to Table 2 and Figure 2 for 
master and transmit clock timing characteristics. Shaped 
pulses are applied to the AMI line driver for transmission 
onto the line at TTIP and TRING. Equalizer Control signals 


may be hardwired in the Hardware mode, or input as part of | 


the serial data stream (SDI) in the Host mode. 


Pulses can be shaped for either 1.544 or 2.048 MHz applica- 
tions. 1.544 MHz pulses for DSX-1 applications can be 
programmed to match line lengths from 0 to 655 feet of 
ABAM cable. The LXT305 also matches FCC and ECSA 
specifications for CSU applications. 2.048 MHz pulses can 


Table 1: Equalizer Control Inputs 






0 - 133 ft ABAM 
133 - 266 ft ABAM 
266 - 399 ft ABAM 


399 - 533 ft ABAM 
533 - 655 ft ABAM 


2 Maximum cable loss at 772 kHz. 


Eo Line Length’ Cable Loss? Application i 
: 





cz CCITT Recommendation G.703 asennad 2: 048 MHz 
1 | oo) FCC Part 68, Option A CSU (DS-1) 1 aa MHz 


' Line length from transceiver to DSX-1 cross-connect point. 


drive either coaxial or shielded twisted-pair lines using 
appropriate resistors in line with the output transformer. 


Jitter Attenuation | 


Jitter attenuation of the LXT305 transmit outputs is provided 


- by aJitter Attenuation Loop (JAL) and an Elastic Store (ES). 


Anexternal crystal oscillating at 4 times the bitrate provides 
clock stabilization. Refer to Table 3 for crystal specifica- 
tions. The ES is a 32 x 2-bit register. Transmit data is 
clocked into the ES with the transmit clock (TCLK) signal, 
and clocked out of the ES with the dejittered clock from the © 
JAL. When the bit count in the ES is within two bits of 
overflowing or underflowing, the ES adjusts the output 
clock by 1/8 of a bit period. The ES produces an average 
delay of 16 bits in the transmit-path. 


Driver Performance Monitor 


The transceiver incorporates a Driver Performance Monitor 
(DPM) connected in parallel with TTIP and TRING at the 
output transformer. The DPM output level goes high upon | 
detection of 63 consecutive zeros. It is reset when a one is 
detected on the transmit line, or when a reset command is 
received. 


‘Line Code 


The LXT305 transmits data as a 50% AMI line code as 


shown in Figure 3. Power consumption is reduced by 


activating the AMI line driver only to transmit a mark. The 
output driver is disabled during transmission of a space. 









DSX-1 1.544 MHz 
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Transmit clock frequency TCLK 





TCLK to TPOS/TNEG Hold time 


' Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing. 


Figure 2: LXT305 Transmit Clock Timing Diagram 





@LEVEL ) | 
ene | | 2-45 








LXT305 T1E1 Integrated Short Haul Transceiver with Transmit Jitter Attenuation 


Receiver 


The signal is received from one twisted-pair line on each side 
of a center-grounded transformer. Positive pulses are re- 


ceived at RTIP and negative pulses are received at RRING. 
Recovered data is output at RPOS and RNEG, and the 


recovered clock is output at RCLK. Refer to Table 4 and | 


Figure 4 for LXT305 receiver timing. 


The signal received at RPOS and RNEG is processed 
through the peak detector and data slicers. The peak detector 
samples the inputs and determines the maximum value of the 
received signal. A percentage of the peak value is provided 
to the data slicers as a threshold level to ensure optimum 
signal-to-noise ratio. For T1 applications (determined by 
Equalizer Control inputs EC1 - EC3 # 000) the threshold is 
set to 70% of the peak value. This threshold is maintained 
_ above 65% for up to 15 successive zeros over the range of 
specified operating conditions. For El applications 
_ (EC inputs = 000) the threshold is set to 50 %. 


The receiver is capable of accurately recovering signals with 


up to -13.6 dB of attenuation (from 2.4 V), corresponding to 
areceived signal level of spray 500mV. Maximum 


Table 3: LXT305 Crystal Specifications (External) 







ene Siabilty +20 ppm @ 25° C 






(Ref 25° C reading) 





Pullability — 





Crystal cut 





Resonance 





Maximum drive level 





Mode of operation 


Crystal holder 
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+25 ppm from -40° C to + 85° C 


CL = 11 pF to 18.7 pF, +AF = 175 to 195 ppm] CL = 11 pF to 18.7 pF, +AF = 95 to 115 pp 
CL = 18.7 pF to 34 pF, -AF = 175 to 195 ppm CL = 18.7 pF to pak -AF = 95 to 115 ppm | 


40 Q Maximum 30 Q Maximum 

Parallel Parallel 

2.0 mW 
Fundamental 


HC49 (R3W), C, = 7 pF maximum 
C, = 17 fF typical 


cable length is 1500 feet of ABAM cable (approximately 


6 dB). Regardless of received signal level, the peak detec- 


tors are held above a minimum level of .3 V to provide 


_immunity from impulsive noise. 


_ After processing through the data slicers, the received signal 


is routed to the data and clock recovery sections, and to the 
receive monitor. The receive monitor generates a Loss of 
Signal (LOS) output upon receipt of 175 consecutive zeros 
(spaces). The receiver monitor loads a digital counter at the 
RCLK frequency. The count is incremented each time a zero 
is received, and reset to zero each time a one (mark) is 


: received. Upon receipt of 175 consecutive zeros the LOS pin 


goes high, and the RCLK output is replaced with the MCLK. 


The LOS output is reset when a mark is received. 


Operating Modes 


The LXT305 transceiver can be controlled by a micropro- 


_cessor through the serial interface (Host mode), or through. 


hard-wired pins (Hardware mode). The mode of operation 
is set by the MODE pin logic level. The transceivers can also 
be commanded to operate in one of several diagnostic 


modes. 


a Le 


+20 ppm @ 25°C 


+ 25 ppm from 40° C to + 85°C 
(Ref 25° C reading) 






HC49 (R3W), C, = 7 pF maximum 
C, = 17 fF typical 


(LEVEL 


ONE @ 
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Table 4: LXT305 Receive Characteristics (See Figure 4 

[eee fom [oe 
Receive slicer threshold 

Recwoee ee 

(enema ou ee ae rae ee 
Receive clock pulse width | TL | tw, | - | 32 | = 
Receive clock pulse width | TI | ty | 270—«| 324 | 378 


low Ei | tm, | 203 | aa] 8s Ts 
RPOS/RNEGtoRCLK | TL | tye | 50 | 270 | ts 











' Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing. 
* RCLK duty cycle widths will vary depending on extent of received pulse jitter displacement. Max and Min RCLK duty cycles are for worst case 
jitter conditions (0.4 UI clock displacement for 1.544 MHz, 0.2 UI clock displacement for 2.048 MHz.) | 





Figure 4: LXT305 Receive Clock Timing Diagram 


HOST MODE 


CLE = 1 


HOST MODE 
CLKE = 0, & 
/-— HW MODE 





LEVEL | a 
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Host Mode Operation 


To allow a host microprocessor to access and control the 
LXT305 through the serial interface, MODE is set to 1. The 
serial interface (SDI/SDO) uses a 16-bit word consisting of 
an 8-bit Command/Address byte and an 8-bit Data byte. 


The Host mode provides a latched Interrupt output (INT) 
which is triggered by a change in the Loss of Signal (LOS) 
and/or Driver Performance Monitor (DPM) bits. The Inter- 
rupt is cleared when the interrupt condition no longer exists, 
and the host processor enables the respective bit in the serial 
input data byte. Host mode also allows control of the serial 
data and receive data output timing. The Clock Edge 
(CLKE) signal determines when these outputs are valid, 
relative to the Serial Clock (SCLK) or RCLK as follows: 


[tke | Out 


 RPOS - 
RNEG 
SDO 











RCLK 
RCLK 
SCLK 













RPOS 
RNEG 
SDO 


RCLK 
RCLK 
SCLK 


The LXT305 serial port is addressed by setting bit A4 in the 
Address/Command byte, corresponding to address 16. The 
LXT305 contains only a single output data register so no 


complex chip addressing scheme is required. The register is 
accessed by causing the Chip Select (CS) input to transition 
from high to low. Bit 1 of the serial Address/Command byte 
provides Read/Write control when the chip is accessed. A 
logic 1 indicates a read operation, and a logic 0 indicates a 
write operation. Table 5 lists serial data output bit combina- 
tions for each status. Serial data structure is shown in Figure 
5 and I/O timing characteristics are shown in Table 6, and 
Figures 6 and 7. im 
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Hardware Mode Operation 


In Hardware mode the transceiver is accessed and controlled 

through individual pins. With the exception of the INT and 
CLKE functions, Hardware mode provides all the functions 
provided in the Host mode. In the Hardware mode RPOS 
and RNEG outputs are valid on the rising edge of RCLK. | 


To operate in Hardware mode, MODE must be set to 0. 
Equalizer Control signals (EC1 through EC3) are input on 
the Interrupt, Serial Data In and Serial Data Out pins. 
Diagnostic control for Remote Loopback (RLOOP), Local 
Loopback (LLOOP), and Transmit All Ones (TAOS) 
modes is provided through the individual pins used to 
control serial interface timing in the Host mode. 


Reset Operation 


Upon power up, the transceiver is held static until the power 
supply reaches approximately 3V. Upon crossing this 
threshold, the device begins a 32 ms reset cycle to calibrate 
the transmit and receive delay lines and lock the Phase Lock 
Loop to the receive line. A reference clock is required to 
calibrate the delay lines. MCLK provides the receiver 


reference. The crystal oscillator provides the transmitter 


reference. If the LXT305 crystal oscillator is grounded, 


MCLK is used as the transmitter reference clock. 


The transceiver can also be reset from the Host or Hardware 
mode. In Host mode, reset is commanded by simultaneously 
writing RLOOP and LLOOP to the register. In Hardware 
mode, reset is commanded by holding RLOOP and LLOOP 
high simultaneously for 200 ns. Reset is initiated on the 
falling edge of the reset request. In either mode, reset clears 
and sets all registers to 0 and then begins calibration. 


LEVEL 
(CONE: 
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Table 5: LXT305 Serial Data Output Bits (See Figure 5) 


Bit DS | Bit D6 | Bit D7 Status 
po | o | 0) Reset has occurred, or no program input. 


TAOS active 


Local Loopback active 


TAOS and Local Loopback active 


Remote Loopback active 
DPM has changed state since last Clear DPM occurred 
LOS has changed state since last Clear LOS occurred 


LOS and DPM have both changed state since last Clear DPM and Clear LOS 
occurred 








ADDRESS / COMMAND BYTE DATA INPUT / OUTPUT BYTE 


| xo | ai] ae] os fn | a5] 8] co] on] ve] 00] ve 0s | oe { o | 


ADDRESS / 
COMMAND 0 4 xX 
BYTE AO A6 






















RW =1:READ X = DON'T CARE 
RW = 0: WRITE 
CLEAR INTERRUPTS SET LOOPBACKS OR RESET 






NOTE: Output Data 
Byte same as Input 
Data Byte shown at 
left, except for Bits D5 
through D7 shown in 
Table 5 above. 







ETE TITEE: a 
LOS EC1 | EC2 | EC3 |REMOTE|LOCAL] TAOS 
Do (LSB) D7 (MSB) 






@LEVEL | | | | | 
ONE: : 9-49 
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Table 6: LXT305 Serial /O Timing Characteristics (See Figures 6 and 7) 


SRI occ Sica acl dio bead ond teanensncl 


SCLK to SDI hold time 

SCLK low time | 

SCLK high time 

SCLK rise and fall time 

CS to SCLK setup time _ 

SCLK to CS hold time 

CS inactive time 

SCLK to SDO valid 

SCLK falling edge or CS rising edge 
to SDO high Z ~ | 









1 Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing. 


Figure 6: LXT305 Serial Data Input Timing Diagram 


tcc | ton. 


SCLK / ie 
toc tcb | 


CONTROL BYTE DATA BYTE 





Figure 7: LXT305 Serial Data Output Timing Diagram 
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Diagnostic Mode Operation 


In Transmit All Ones (TAOS) mode the TPOS and TNEG 

inputs to the transceiver are ignored. The transceiver trans- 

mits a continuous stream of 1's atthe TCLK frequency when 

TAOS is activated. TAOS can be commanded simultane- 

ously with Local Loopback, but is inhibited during Remote 

Loopback. During TAOS, the transmitter is locked to 
MCLK. | 


In Remote Loopback (RLOOP) mode, the transmit data and 


clock inputs (TPOS, TNEG and TCLK) are ignored. The 
RPOS and RNEG outputs are looped back through the 


transmit circuits and output on TTIP and TRING at the — 


RCLK frequency. Receiver circuits are unaffected by the 
RLOOP command and continue to output the RPOS, RNEG 
and RCLK signals received from the twisted-pair line. 


In Local Loopback (LLOOP) mode, the receiver circuits are 
inhibited. The transmit data and clock inputs (TPOS, TNEG 
and TCLK) are looped back onto the receive data and clock 
outputs (RPOS, RNEG and RCLK.) The transmitter circuits 
are unaffected by the LLOOP command. The TPOS and 
TNEG inputs will be transmitted normally. (A stream of 1's 
will be transmitted if the TAOS command is active.) 


Power Requirements 


The LXT305 is alow-power CMOS device. It operates from 
a single +5 V power supply which can be connected exter- 
nally to both the transmitter and receiver. However, the two 
inputs must be within + .3V of each other, and decoupled to 
their respective grounds separately, as shown in Figure 8. 
Isolation between the transmit and receive circuits is pro- 
vided internally. Except during remote loopback, the trans- 
mitter powers down if TCLK is not supplied. 


@LEVEL 
COON. 





Applications 
1.544 MHz DSX-1 Interface Applications 


Figure 8 is a typical 1.544 MHz DSX-1 application. The 
LXT305 is shown in the Host mode with the LXP2180A 
TI/ESF Framer providing the digital interface with the host 
controller. Both devices are controlled through the serial 
interface. An LXP600A Clock Adapter (CLAD) provides 
the 2.048 MHz system backplane clock, locked to the 
recovered 1.544 MHz clock signal. The power supply inputs 
are tied to a common bus with appropriate decoupling 
capacitors installed (1.0 LF on the transmit side, 68F and 
0.1 WF on the receive side.) 


2.048 MHz E1 Interface Applications 


Figure 9 is a typical 2.048 MHz E1 application. The 


-LXT305 is shown in Hardware mode with the LKP2181A 


E1/CRC4 Framer. Resistors are installed in line with the 
transmit transformer for loading a 75 Q coaxial cable. The 
in-line resistors are not required for transmission on 100 Q 
shielded twisted-pair lines. As in the DSX-1 application 
Figure 8, this configuration is illustrated with a crystal in 
place to enable the LXT305 Jitter Attenuation Loop, and a 
single power supply bus. The hard-wired control lines for 
TAOS, LLOOP and RLOOP are individually controllable, 
and the LLOOP and RLOOP lines are also tied to a single 
control for the Reset function. 
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Figure 8: Typical LXT305 1.544 MHz T1 Application (Host Mode) 


TO HOST CONTROLLER 









LXT305 


TRANSCEIVER 


CLKE 






MCLK 





SCLK 











TCLK 





cs 





TPOS 
V+ 





SDO 





TNEG 







22 kQ 







MODE 







RNEG 








RPOS 





RCLK 





1.544 MHz 





reo XTALIN 
CI MHz 





XTALOUT RTIP 






DPM 


me aes 1:1: 1[ Note] 2] 
fr LINE 
Ea RECEIVE 
NON- 







2.048 MHz LOS 






TTIP 







TGND 


NOTE [1] IN ADDITION TO THE LXP2180A, THE LXT305 IS COMPATIBLE WITH A WIDE VARIETY OF DIGITAL FRAMING AND SIGNALING 
DEVICES, INCLUDING THE LXP2181A, DS2180A, MT8976, AND R8070. 


NOTE|2] WHEN LXT305 IS CONNECTED TO THE CROSS-CONNECT FRAME THROUGH A LOW LEVEL MONITOR JACK, RECEIVE 
TRANSFORMER SHOULD BE 1 : 2:2 TO BOOST THE INPUT SIGNAL. 


eLEVEL 
(OGNE ® 
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Figure 9: Typical LXT305 2.048 MHz E1 Application (Hardware Mode) 


LXP2181A 
E1/CRC4 
FRAMER | 


| 
TCLK 


TPOS 


TNEG 


LXT305 


MCLK 
TCLK 


TPOS 


TNEG 


MODE 


RNEG 


RPOS 


TRANSCEIVER 


TAOS 
LLOOP 


RLOOP 


EC3 
EC2 


EC1 


RGND 





RCLK —  -RV+ 


XTALIN RRING 


XTALOUT RTIP 
DPM MRING 


LOS MTIP 


TTIP TRING 


TGND TV+ 


NOTE A 2.2 O RESISTORS REQUIRED ONLY FOR 75 2 COAXIAL CABLE. 
NOT REQUIRED FOR TRANSMISSION ONTO 100 Q CABLE. 


NOTE 2] IN ADDITION TO THE LXP2181A, THE LXT305 IS COMPATIBLE WITH A WIDE 
VARIETY OF FRAMING AND SIGNALING DEVICES, INCLUDING THE 
DS2181A, MT8979, AND R8070. 
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NOTES: 
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Standard Product 
February, 1994 


LXT305A — 
Low Power 11/E1 Integrated Short Haul Transceiver 
with | 










e [, 4 4 W ° 
North American 1.544 MHz (T1), and European 2.048MHz "goon beer than the LKT30 oe maximum) 


(El) applications. Transmit pulse shapes (T1 or El) are 


selectable for various line lengths and cable types. ¢ Constant low output impedance transmitter, 


regardless of data pattern 
The LXT30S5A provides transmit jitter attenuation starting at 


3 Hz, and is microprocessor controllable through a serial § * Compatible with most popular PCM framers including 
interface. It is especially well suited for applications in the LXP2180A and LXP2181A 

which the T1/E1 signals are demultiplexed from a higher 

rate service such as DS3 or SONET. This demultiplexing | ° Line driver, data recovery and clock recovery functions 
results in a "gapped" clock which the 305A smooths out. 





e Minimum receive signal of 500 mV 


The LXT305A, an advanced double-poly, double-metal 


CMOS device, requires only a single 5-volt power supply. * Selectable slicer levels (T1/E1) improve SNR 


ed acetonide ..  * Programmable transmit equalizer shapes pulses to meet 
DSX-1 pulse template from 0 to 655 ft 






SONET Equipment e Local and remote loopback functions 


¢ M13 Multiplexers | 

¢ Digital microwave Radio ¢ Transmit Driver Performance Monitor (DPM) output 

* PCM/ Voice Channel Banks ¢ Receive monitor with Loss of Signal (LOS) output 

e Data Channel Bank / Concentrator ; 

¢ T1/E1 multiplexer ¢ Receiver jitter tolerance 0.4 UI from 40 kHz to 100 kHz 
¢ Digital Access and Cross-connect Systems (DACS) 

¢ Computer to PBX interface (CPI & DMI) ¢ Transmit jitter attenuation starting at 3 Hz 


e High speed data transmission lines 
¢ Interfacing Customer Premises Equipment to a CSU 
Digital Loop C 


se 


¢ Microprocessor controllable 


Available in 28-pin DIP and PLCC 




















CONTROL 
i (et ener eae 
TPOS TTIP 
i ma | tequauzern| Ce] CDs 
Pe lg ae TRING 
ae /—*| ATTENUATOR 


XTALOUT a) 


INTRNL CLK UMING 4 RTIP 
ie GENERATOR RCVRY iapiod 
DETECTOR 
i oo < ~ 


i 
i a a (a 
RNEG ~<t- RCVRY eed 








LOS RECEIVE TRANSMIT MTIP 
MONITOR MONITOR MRING 
DPM 
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Absolute Maximum Ratings 


| Parameter | Sym | Min’ =| Max | Units 
| Inputcurrent,anypin? | . 


WARNING: Operations at or beyond these limits may result in permanent damage to the device. Normal operation not guaranteed at these extremes. 
1 Excluding RTIP and RRING which must stay within -6V to RV + 0.3V. 
? Transient currents of up to 100 mA will not cause SCR latch-up. TTIP, TRING, TV+ and TGND can withstand a continuous current of 100mA. 















mA 
°C 
is 








Electrical Characteristics (T, =-40° to 85°C, V+ = 5.0 V +5%, GND =0 V) 


Parameter 


_ | Total power dissipation ° 


: 
Low level output voltage *> (pins 6-8, 11, 12, 23, 25) 
Input leakage current ° 


Three-state leakage current * (pin 25) 


3 Power dissipation while driving 75 Q. load over operating temperature range. Includes device and load. Digital input levels are within 10% of the 
supply rails and digital outputs are driving a 50 pF capacitive load. . 

4 Functionality of pins 23 and 25 depends on mode. See Host / Hardware Mode descriptions. 

5 Output drivers will output CMOS logic levels into CMOS loads. | 

6 Except MTIP and MRING I, =+50 pA. 


Analog Specifications (T, = -40° to 85°C, V+ = 5.0 V+5%, GND = 0 V) 
| ‘Parameter : | | 


AMI Output Pulse Amplitudes | DSX-1 | 





Test Conditions 
100% ones density & max 
line length @ 5.25 V 


mW 





i) 


our=~ 400 HA 
our=2-6mA 





< 


a) > 


OL . 





I+ 
—_ 
S 


Bay ee 
nr 
oS 


LL 
3L 


e 





Test Conditions 





5 
O 
7 
5 
@ 
a 
4 
ae 
, 
7) 
x 





easured at line side 


= 


CEPT 


| Recommended output load at TTIP and TRING 
Jitter added by the transmitter ’ 10Hz - 8kHz 
| 8kHz -40 kHz — 


ar (eg 
aes 


ed I Beal bee 
=| [wlan 


eS 
© 
No 
GN 


—_ Sie i 
8/3)5 3 |$ 
-_ 
S| EIS) gg |< | /8]S /S/S|5|©|<|< 
a 





|__10Hz - 40 kHz 
Broad Band 


Sensitivity below DSX ( 0dB = 2.4V) 


Loss of Signal threshold | | 


| _| Data decision threshold DSX-1 
| CEPT | 
Allowable consecutive zeros before LOS | | 160 


Input jitter tolerance 10kHz-100kHz 
Jitter attenuation curve corner frequency ® | 


Minimum Return Loss * '° 






300 
63 






BSS 


oS wD 
+ oO 
a bo ~~} 1} Oo | 


Transmit Receive 
Min Typ | Min Typ 


S1kHz -  102kHz | 20 28 
8 | 20 30 | 


2 
102 kHz - 2.048 MHz 20 2 
25 


2.048 MHz - 3.072 MHz 20. 24 


7 Input signal to TCLK is jitter-free. . . 

8 Circuit attenuates jitter at 20 dB/decade above the corner frequency. : 
-® Jn accordance with CCITT G.703/RC6367A return loss specifications (CEPT), when wired as shown in Figure 9. 
10 Guaranteed by design. | | ae 
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Recommended Operating Conditions 


[Parametor Sym | Min =| Typ | Max | Unite 
v 


1 TV+ must not exceed RV+ by more than 0.3 V. 





MCLK 
MCLK 1 CLKE/TAOS a ae 
TCLK 2 SCLK/LLOOP TNEG CS/ALOOP 
TPOS ; CS/RLOOP 
TNEG SDO/EC3 
MODE qj 5 SDVEC2 ae ane 
RNEG C 6 INT/EC1 le sae 
RPOS 7 RGND | RCLK AGND 
RCLK 8 RV+ XTALIN AV+ 
XTALIN 9 RRING 7 XTALOUT RRING 
XTALOUT RTIP DPM ATIP 
DPM MRING 
LOS MTIP LOS MRING 
TTIP TRING TTIP MTIP 
TGND TV+ TGND TRING 





TV+ 





28-pin DIP 
Pin Descriptions 


| A 1.544 or 2.048 MHz clock input used to generate internal clocks. Upon 
1 | MCLK Master Clock | Loss of Signal (LOS), RCLK is derived from MCLK. If MCLK is not 
applied, this pin should be grounded. 
2 TCLK Transmit Transmit clock input. TPOS and TNEG are sampled on the falling edge of 
Clock TCLK. | 

3 TPOS Transmit Input for positive pulse to be transmitted on the twisted-pair line. 

| Positive Data 
4 TNEG Transmit Input for negative pulse to be transmitted on the twisted-pair line. 

Negative Data 


Setting MODE to logic 1 puts the LXT305A in the Host mode. In the Host 

mode, the serial interface is used to control the LXT305A and determine its 
Mode Select status. 

Setting MODE to logic 0 puts the LXT305A in the Hardware (H/W) mode. 

In the Hardware mode the serial interface is disabled and hard-wired pins 

are used to control configuration and report status. 


Receive Received data outputs. A signal on RNEG corresponds to receipt of a 
Negative Data | negative pulse on RTIP and RRING. A signal on RPOS corresponds to 
receipt of a positive pulse on RTIP and RRING. RNEG and RPOS outputs 
are Non-Return-to-Zero (NRZ). Both outputs are stable and valid on the 
Receive rising edge of RCLK. In the Host mode, CLKE determines the clock edge 
Positive Data | at which these outputs are stable and valid. In the Hardware mode both 
outputs are stable and valid on the rising edge of RCLK. 


i RCLK a ao This is the clock recovered from the esteral received at RTIP and RRING. 
Clock 


(ce EVEL : | _ 
ONE @ 7 | = 257 
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Pin Descriptions continued 


Pat] Sm 
ie XTALIN a Crystal Input 


al ” ™ 
. DPM Driver 

| Performance 

Monitor 


Loss Of Signal 


Description 















An external crystal operating at four times the bit rate (6.176 MHz for T1, 
8.192 MHz for E1 applications) with an 18.7pF load is required to enable the 
jitter attenuation function of the LXT305A. 

These pins may also be used to disable the jitter attenuator by connecting the 
XTALIN pin to the positive supply through a resistor, and tying the 
XTALOUT pin to ground. 


DPM goes to a logic 1 when the transmit monitor loop (MTIP and MRING) 
does not detect a signal for 63 +2 clock periods. DPM remains at logic 1 
until a signal is detected. | | 














LOS goes to a logic 1 when 175 consecutive spaces have been detected. 
LOS returns to a logic 0 when the receive signal input reaches 12.5% marks 
density (4 marks in 32 bit periods) with no more than 15 consecutive zeros. 


TTIP Transmit Tip Differential Driver Outputs. These low impedance outputs achieve maxi- 
mum power savings through a 1:1.15 transformer (T1) or a 1:1 (75 Q) or 
1:1.26 (120 Q) transformer (E1) without additional components. To provide 
TRING Transmit Ring | higher return loss, resistors may be used in series with a transformer as 
specified in Tables 7, 8 and 9, 
Se eee 
Ground 






















These pins are used to monitor the tip and ring transmit outputs. The 
transceiver can be connected to monitor its own output or the output of 
another LXT305A on the board. | 

Host mode only: To prevent false interrupts in the host mode if the monitor 
is not used, apply a clock signal to one of the monitor pins and tie the other 
monitor pin to approximately the clock's mid-level voltage. The monitor 
clock can range from 100 kHz to the TCLK frequency. 





The AMI signal received from the line is applied at these pins. A center- 
tapped, Seal uaenaete 2: 1 step-up transformer is required on these pins. 
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Pin Descriptions continued 


This LXT305A Host mode output goes low to flag the host processor 






































































































Interrupt when LOS or DPM go active. INT is an open-drain output and should 
(Host Mode) be tied to power supply RV+ through a resistor. INT is reset by 
clearing the respective register bit (LOS and/or DPM.) 
23 7 
The signal applied at this pin in the LXT305A Hardware mode is used 
EC1 Equalizer Control 1} in conjunction with EC2 and EC3 inputs to determine shape and 
(H/W Mode) amplitude of AMI output transmit pulses. 
aye Serial Data In The serial data input stream is applied to this pin when the LXT305SA 
, (Host Mode) Operates in the Host mode. SDI is sampled on the rising edge of 
SCLK. | 
24 3 
EC2 Equalizer Control 2} The signal applied at this pin in the LXT305A Hardware mode is used 
(H/W Mode) in conjunction with EC1 and EC3 inputs to determine shape and 
| amplitude of AMI output transmit pulses. 
_ The serial data from the on-chip register is output on this pin in the 
SDO Serial Data Out LXT305A Host mode. If CLKE is high, SDO is valid on the rising 
| (Host Mode) edge of SCLK. If CLKE is low SDO is valid on the falling edge of 
SCLK. This pin goes to a high-impedance state when the serial port 
25 | is being written to and when CS is high. 
EC3 Equalizer Control 3| The signal applied at this pin in the LXT305A Hardware mode is used 
(H/W Mode) in conjunction with EC1 and EC2 inputs to determine shape and 
amplitude of AMI output transmit pulses. | | 
CS Chip Select This input is used to access the serial interface in the LKT305A Host 
(Host Mode) mode. For each read or write operation, CS must transition from high 
to low, and remain low. 
26 
RLOOP Remote Loopback | This input controls loopback functions in the LXT305A Hardware 
(H/W Mode) mode. Setting RLOOP to a logic 1 enables the Remote Loopback 
mode. Setting both RLOOP and LLOOP causes a Reset . 













Mode: 


















Setting CLKE to logic 1 causes RPOS and RNEG to be valid on the 
falling edge of RCLK, and SDO to be valid on the rising edge of 

SCLK. When CLKE is a logic 0, RPOS and RNEG are valid on the 
rising edge of RCLK, and SDO is valid on the falling edge of SCLK. 


Clock Edge 
(Host Mode) 




















SCLK Serial Clock This clock is used in the LXT305A Host mode to write data to or read 
(Host Mode) data from the serial interface registers. 
coe 
Transmit All Ones 


Local Loopback This input controls loopback functions in the LXT305A Hardware 
CLKE 
28 
(H/W Mode) 


(H/W Mode) mode. Setting LLOOP to a logic 1 enables the Local Loopback 
(LEVEL ; | a 
ONEo a 2-59 


When set to a logic 1, TAOS causes the LXT305A (Hardware mode) 
to transmit a continuous stream of marks at the MCLK frequency. 
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Functional Description 


The LXT305A isa fully integrated PCM transceiver for both 
1.544 MHz (T1) and 2.048 MHz (E1) applications which 
allows full-duplex transmission of digital data over existing 
twisted-pair installations. 3 


Figure 1| is a simplified block diagram of the LXT305. The 
LXT305A transceiver interfaces with two twisted-pair lines 
(one twisted-pair for transmit, one twisted-pair for receive) 
through standard pulse transformers and appropriate resis- 
tors. 


Transmitter 


Data received for transmission onto the line is clocked 
serially into the device at TPOS and TNEG. Input synchro- 
nization is supplied by the transmit clock (TCLK). The 
transmitted pulse shape is determined by Equalizer Control 
_ signals EC1 through EC3 as shownin Table 1. Refer to Table 
2 and Figure 2 for master and transmit clock timing charac- 
teristics. Shaped pulses are applied to the AMI line driver for 
transmission onto the line at TTIP and TRING. Equalizer 
Control signals may be hardwired in the Hardware mode, or 
input as part of the serial data stream (SDJ) in the Host mode. 


Pulses can be shaped for either 1.544 or 2.048 MHz applica- 
tions. 1.544 MHz pulses for DSX-1 applications can be 
programmed to match line lengths from 0 to 655 feet of 
ABAM cable. The LXT305A also matches FCC and ECSA 
specifications for CSU applications. 2.048 MHz pulses can 
drive either coaxial or shielded twisted-pair lines. 


Table 1: Equalizer Control Inputs 








0 - 133 ft ABAM 


i Q 0 133 - 266 ft ABAM 
1 0 1 266 - 399 ft ABAM 
1 | ; 399 - 533 ft ABAM 
1 533 - 655 ft ABAM 


2 Maximum cable loss at 772 kHz. 
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Dd Racal Hal Line Length! | Cable Loss? Application [Frequency 





stabs CCITT Recommendation G.703 
oo esos) [sane 


' Line length from transceiver to DSX-1 cross-connect point. 


Jitter Attenuation 


Jitter attenuation of the LXT305A transmit outputs is pro- 
vided by a Jitter Attenuation Loop (JAL) and an Elastic Store 
(ES). An external crystal oscillating at 4 times the bit rate 
provides clock stabilization. Refer to Table 3 for crystal 
specifications. The ES is a32 x 2-bit register. Transmit data 
is clocked into the ES with the transmit clock (TCLK) signal, 
and clocked out of the ES with the dejittered clock from the 
JAL. When the bit count in the ES is within two bits of 
overflowing or underflowing, the ES adjusts the output 
clock by 1/8 of a bit period. The ES produces an average 
delay of 16 bits in the transmit path. 


Driver Performance Monitor 


The transceiver incorporates a Driver Performance Monitor 
(DPM) connected in parallel with TTIP and TRING at the 
output transformer. The DPM output level goes high upon 
detection of 63 consecutive zeros. It is reset when a one is 
detected on the transmit line, or when a reset command is 
received. 


Line Code 


The LXT305A transmits data as a 50% AMI line code as 

shown in Figure 3. The output driver maintains a constant 
low output impedance of 3 Q (typical) regardless of whether 
it is driving marks or spaces. This well controlled output 


- impedance provides excellent return loss (> 20 dB) when 


used with external 9.4 © precision resistors (+ 1% accuracy) 
in series with a transmit transformer with a turns ratio of 
1:2.3 <4 2% accuracy) . Series resistors also provide in- 
creased surge protection and reduced short circuit current 
flow. 










El - Coax 
E1 - Twisted-Pair 


2.048 MHz 
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Table 2: LXT305A Master Clock and Transmit Timing Characteristics (See Figure 2 


Master clock frequency 


Crystal frequency 





“Transmit block frequency 


Transmit clock tolerance TCLKt 
Transmit clock duty cycle TCLKd 
TPOS/TNEG to TCLK setup time 


TCLK to TPOS/TNEG Hold time 


‘Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production. testing. 


Figure 2: LXT305A Transmit Clock Timing Diagram 





Figure 3: 50% AMI Coding Diagram 
4 
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Receiver 































RCLKd 


| Min 
| 6s 
| 4s 
RCLKd | 40 | 
| 40 
bated 










| The signal received at RPOS and RNEG is processed 
The signal is received from one twisted-pairlineoneachside through the peak detector and data slicers. The peak detector 
of a center-grounded transformer. Positive pulses are re- | samplesthe inputs and determines the maximum value of the 
ceived at RTIP and negative pulses are received at RRING. __ received signal. A percentage of the peak value is provided 
Recovered data is output at RPOS and RNEG, and the _to the data slicers as a threshold level to ensure optimum 
recovered clock is output at RCLK. Refer to Table 4 and signal-to-noise ratio. For T1 applications (determined by — 
Figure 4 for LXT305A receiver timing. _ Equalizer Control inputs EC1 - EC3 # 000 or 001) the 
Table 3: LXT305A Crystal Specifications (External) 
a 
Frequency | 6.176 Mi $192 MH 
Frequency Stability +20 ppm @ 25°C | +20 ppm @ 25°C 
+ 25 ppm from -40° C to + 85° C + 25 ppm from -40° C to + 85° C 
(Ref 25° C reading) (Ref 25° C reading) 
Pullability CL = 11.7 pF to 18.7 pF, +AF = 175 to 195 ppm | CL = 11.7 pF to 18.7 pF, +AF = 95 to 115 ppm 
CL = 18.7 pF to 34 pF, -AF = 175 to 195 ppm | CL = 18.7 pF to 34 pF, -AF = 95 to 115 ppm 
[ete seis resists 400 ximum 30. Maximum 
eget ATS 
Maximum drive level 
Mode of operation 
HC49 (R3W), O° =7pF maximum HC49 (R3W), C, =7 TF maximum 
tal hold é 
Table 4: LXT305A Receive Characteristics (See Figure a 
Receive slicer threshold 
Receive clock duty cycle ? 
Receive clock pulse width? | T1 
Receive clock pulse width 
Receive clock pulse width Tl 
RPOS / RNEG to RCLK Tl 
rising setup time El 
RCLK rising to RPOS / Tl 
RNEG hold time | E1 
! Typical figures are at 25°C and are for design aid only; not co and not subject to production testing. 
2 RCLK duty cycle widths will vary depending on extent of received pulse jitter displacement. Max and Min RCLK duty cycles are for worst case 
_ jitter conditions (0.4 UI clock displacement for 1.544 MHz, 0.2 UI clock displacement for 2.048 MHz.) ‘U LEVEL 
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threshold is set to 70% of the peak value. This threshold is 
maintained above 65% for up to 15 successive zeros over the 
range of specified operating conditions. For El applications 
(EC inputs = 000 or 001) the threshold is set to 50 %. 


The receiver is capable of accurately recovering signals with 
up to -13.6 dB of attenuation (from 2.4 V), corresponding to 
areceived signal level of approximately 500 mV. Maximum 
_ cable length is 1500 feet of ABAM cable (approximately 6 





LXT305A Pertormance 


- 100 Hz 1 kHz 
Frequency 





eLEVEL 
fe ONE ® 


Figure 4: LXT305A Receive Clock Timing Diagram 


100 kHz 


dB). Regardless of received signal level, the peak detectors 
are held above a minimum level of .3 V to provide immunity 
from impulsive noise. | 


After processing through the data slicers, the received signal 
is routed to the data and clock recovery sections, and to the 
receive monitor. The data and clock recovery circuits are 
highly tolerant, with an input jitter tolerance significantly 
better than required by Pub 62411, as shown in Figure 5. The 


HOST MODE 


J CLKE =1 


HOST MODE 
CLKE =0, & 
H/W MODE 


receive monitor generates a Loss of Signal 
(LOS) output upon receipt of 175 consecutive 
zeros (spaces). The receiver monitor loads a 
digital counter at the RCLK frequency. The 
count is incremented each time a zero is re- 
ceived, and reset to zero each time a one (mark) 
is received. Upon receipt of 175 consecutive 
zeros the LOS pin goes high, and the RCLK 
output is replaced with the MCLK. Received 
marks are output regardless of the LOS status, 
but the LOS pin will not reset until the ones 
density reaches 12.5%. This level is based on 
receipt of at least 4 ones in any 32 bit periods 
with no more than 15 consecutive zeros. 


Operating Modes 


The LXT305A transceiver can be controlled by 
a microprocessor through a serial interface 
(Host mode), or by hard-wired pins (Hardware 
mode). The mode of operation is set by the 


MODE pin logic level. The transceivers can 
also be commanded to operate in one of several 
diagnostic modes. 
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Host Mode Operation 


To allow a host microprocessor to access and control the 
LXT305A through the serial interface, MODE is set to 1. 
The serial interface (SDI/SDO) uses a 16-bit word consist- 
ing of an 8-bit Command/Address byte and an 8-bit Data 
byte. | 


The Host mode provides a latched Interrupt output (INT) _ 


which is triggered by a change in the Loss of Signal (LOS) 
and/or Driver Performance Monitor (DPM) bits. The Inter- 
rupt is cleared when the interrupt condition no longer exists, 
and the host processor enables the respective bit in the serial 
input data byte. Host mode also allows control of the serial 
data and receive data output timing. The Clock Edge 
(CLKE) signal determines when these outputs are valid, 
relative to the Serial Clock (SCLK) or RCLK as follows: 


TeiKE [ouput | ciock [vais eae 





‘The LXT305A serial port is addressed by setting bit A4 in | 


the Address/Command byte, corresponding to address 16. 


The LXT305A contains only a single output data register so © 


no complex chip addressing scheme is required. The register 
is accessed by causing the Chip Select (CS) input to 
transition from high to low. Bit 1 of the serial Address/ 
Command byte provides Read/Write control when the chip 
is accessed. A logic 1 indicates a read operation, and a logic 
0 indicates a write operation. Table 5 lists serial data output 
bit combinations for each status. Serial data structure is 
shown in Figure 6 and I/O timing characteristics are shown 
in Table 6, and Figures 7 and 8. 
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Hardware Mode Operation 


- In Hardware mode the transceiver is accessed and controlled 


through individual pins. With the exception of the INT and 
CLKE functions, Hardware mode provides all the functions 
provided in the Host mode. In the Hardware mode RPOS 
and RNEG outputs are valid on the rising edge of RCLK. 


To operate in Hardware mode, MODE must be set to 0. 
Equalizer Control signals (EC1 through EC3) are input on 
the Interrupt, Serial Data In and Serial Data Out pins. 
Diagnostic control for Remote Loopback (RLOOP), Local 
Loopback (LLOOP), and Transmit All Ones (TAOS) 
modes is provided through the individual pins used to 
control serial interface timing in the Host mode. 


Reset Operation 


Upon power up, the transceiver is held static until the power 
supply reaches approximately 3V. Upon crossing this 
threshold, the device begins a 32 ms reset cycle to calibrate — 
the transmit and receive delay lines and lock the Phase Lock 
Loop to the receive line. A reference clock is required to 
calibrate the delay lines. MCLK provides the receiver 
reference. The crystal oscillator provides the transmitter 
reference. If the LXT305A crystal oscillator is grounded, 
MCLK is used as the transmitter reference clock. 


The transceiver can also be reset from the Host or Hardware 
mode. In Host mode, reset is commanded by simultaneously 
writing RLOOP and LLOOP to the register. In Hardware © 


mode, reset is commanded by holding RLOOP and LLOOP — 


high simultaneously for 200 ns. Reset is initiated on the 
falling edge of the reset request. In either mode, reset clears 
and sets all registers to 0, then calibration begins. 


 §QQS LEVEL 
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Table 5: LXT305A Serial Data Output Bits (See Figure 6) 


[anos aioe|enor] sah 


Reset has occurred, or no program input. 


TAOS active 

Local Loopback active 

TAOS and Local Loopback active 

Remote Loopback active 

DPM has changed state since last Clear DPM occurred 
LOS has changed state since last Clear LOS occurred 


’ LOS and DPM have both changed state since last Clear DPM and Clear LOS 
occurred : 


ADDRESS / 
COMMAND 0 Xx . 
BYTE AO A6 


RW =1: READ X = DON'T CARE 
R/W = 0: WRITE 


CLEAR INTERRUPTS SET LOOPBACKS OR RESET 
NOTE: Output Data 


Byte same as Input 


aa, fe 
| Data Byte shown at 
LOS EC1 EC2 EC3 |REMOTE|LOCAL] TAOS left, except for Bits D5 
DO (LSB) D7 (MSB) | through D7 shown in 
Table 5 above. 
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Table 6: LXT305A Serial /O Timing Characteristics (See Figures 7 and 8) 


[rem [om [me [ee [om] nom 
serait |G | [Lor | w | terieenae 


SDI to SCLK setup time 


SCLK nS i Pete p= 












%,) 
OQ 
'- 
A 
oy 
< 
et 
18 
Ff 
Oa 
aN 
oS 


to SDO high Z 
‘Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing. 


Figure 7: LXT305A Serial Data Input Timing Diagram 


a(S LEVEL 
Gone. 
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Diagnostic Mode Operation 


In Transmit All Ones (TAOS) mode the TPOS and TNEG 
inputs to the transceiver are ignored. The transceiver trans- 
mits a continuous stream of 1's when the TAOS mode is 
activated. TAOS can be commanded simultaneously with 
Local Loopback, but is inhibited during Remote Loopback. 
During TAOS, the transmitter is locked to MCLK. If MCLK 
is not supplied, the transmitter powers down. 


_In Remote Loopback (RLOOP) mode, the transmit data and 
clock inputs (TPOS, TNEG and TCLK) are ignored. The 
RPOS and RNEG outputs are looped back through the 
transmit circuits and output on TTIP and TRING at the 
RCLK frequency. Receiver circuits are unaffected by the 
RLOOP command and continue to output the RPOS, RNEG 
and RCLK signals received from the twisted-pair line. 


In Local Loopback (LLOOP) mode, the receiver circuits are 
inhibited. The transmit data and clock inputs (TPOS, TNEG 
and TCLK) are looped back onto the receive data and clock 
outputs (RPOS, RNEG and RCLK.) The transmitter circuits 
are unaffected by the LLOOP command. The TPOS and 
TNEG inputs will be transmitted normally. (A stream of 1's 
_ will be transmitted if the TAOS command is active.) During 
local loopback if TCLK is not supplied, the transmitter 
_ powers down. If LOS and LLOOP are both active, LLOOP 
takes precedence, forcing RCLK = TCLK. 


Power Requirements 


The LXT305A is a low-power CMOS device. It operates 

from a single +5 V power supply which can be connected 

externally to both the transmitter and receiver. However, the 

two inputs must be within + .3 V of each other, and decoupled 

to their respective grounds separately, as shown in Figure 9. 

Isolation between the transmit and receive circuits is pro- 
vided internally. 


The transmitter powers down to conserve power when the 
required clock input is not supplied. The LXT305A enters 
the power down mode during normal operation and local 
loopback if TCLK is not supplied, and during TAOS if 
MCLK is not supplied. | 


SLEVEL 
Gone. 





Applications 
1.544 MHz T1 Interface Applications 


Figure 9 is a typical 1.544 MHz T1 interface application 
using a 1:1.15 transmit transformer without in-line resistors 
for maximum power savings. The LXT305A is shown in 
the Host mode with the LXP2180A T1/ESF Framer 
providing the digital interface with the host controller. Both 
devices are controlled through the serial interface. An 
LXP600A Clock Adapter (CLAD) provides the 2.048 MHz 
system backplane clock, locked to the recovered 1.544 MHz 
clock signal. The power supply inputs are tied to a common 
bus with appropriate decoupling capacitors installed (1.0 uF 
on the transmit side, 68F and 0.1 WF on the receive side.) 


For DSX-1 applications, series resistors can be used in line 
with the transmit transformer to provide higher return loss. 
Table 7 lists transformer ratios, Rt values and typical return 
loss values for 1.544 MHz EC codes. 


2.048 MHz E1 Interface Applications 


Figure 10 is a typical 2.048 MHz El application. The 
LXT305A is shown in Hardware mode with the 
LXP2181A E1/CRC4 Framer. As in the DSX-1 application 
Figure 9, this configuration is illustrated with a crystal in 
place to enable the LXT305A Jitter Attenuation Loop, and 
a single power supply bus. The hard-wired control lines for 
TAOS, LLOOP and RLOOP are individually controllable, 
and the LLOOP and RLOOP lines are also tied to a single 
control for the Reset function. EC3 and EC2 are hardwired 
to ground, but the EC 1 pinis switchable high or low selecting 
codes 000 and 001. With the 1 : 1 transformer ratio and code 
000 selected on the EC inputs, the LXT305A outputs the 
CCITT specified 2.37 V pulse onto 75 Q coaxial cable. 
Simply changing the EC code to 001 allows the LXT305A 
to match the 3.0 V pulse specification for 120 © shielded 
twisted-pair cable. No transformer change is required. For 
situations where at 1:1.26 transformer is desired, EC code 
000 selects the correct output for 120 Q twisted-pair cable. 


To achieve higher return loss, increased surge protection and 
lower output short circuit current, series resistors can be used 
in line with the transmit transformer. Tables 8 and 9 list 
transformer ratios, series resistor (Rt) and typical return loss 
values with associated 2.048 MHz EC codes for 75 Q coax 
and 120 Q TWP, respectively. 
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Table 7: T1/DSX-1 Output Combinations (100 9) 
EC nrRatio' Rt Value? Rtn Loss? 


O11 - 111  1:1.15 Rt=0Q 0.5 dB 


O11 - 111 [<2 Rt = 9.4 Q 20 dB 
O11 - 111 1:23 © Rt=94Q 28 dB 


1 Transformer turns ratio accuracy is + 2 %. 
2 Rt values are + 1 %. 
* Typical return loss, 102 kHz - 2.048 MHz band. 


Figure 9: Typical LXT305A 1.544 MHz T1 Application (Host Mode) 








TO HOST CONTROLLER 


1.544 MHz CLOCK 


LXT305A 
TRANSCEIVER 


MCLK CLKE a4 
TCLK ~  SCLK nt 
TPOS cs [7] 
‘TNEG 8 

. a TJ 


MODE 





V+ 
22kQ 
V 


RPOS = aiGe 
1.544 MHz RCLK | is 68 WF - 
| XTALIN - is 


6.176 . 
| en paid 
XTALOUT | Ea 14 
LXP600A T1 LINE 
Fouxe CLAD eK sie P| [ae sense 
2.048 MHz _ Fsil_] LOS | ha ae 
a . mo aE POLARIZED 
- 
| a 


TTIP 1.544 MHz 
AT uF TI LINE —> 
TRANSMIT 


RNEG INT [ | 


» TGND 
1:21.15 


V+ 


NOTE IN ADDITION TO THE LXP2180A, THE LXT305A IS COMPATIBLE WITH A WIDE VARIETY OF DIGITAL FRAMING AND SIGNALING 
DEVICES, INCLUDING THE LXP2181, DS2180A, MT8976, AND R8070. 
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Table 8: E1/CEPT Output Combinations (75 Q) 
EC XfmrRatio' RtValue? RtnLoss® 
001 ; Rt=10Q 5 dB 


Table 9: E1/CEPT Output Combinations (120 Q) 


001 : Rt = 14.3 Q 12 dB 
000 : Rt=0Q 0.5 dB 
000 : Rt = 9.4 Q 24 dB 


1 Transformer turns ratio accuracy is +2 %. 
2 Rt values are + 1 %. 
3 Typical return loss, 102 kHz - 2.048 MHz band. 





3 Transformer turns ratio accuracy is + 2 %. 
2 Rt values are + 1 %. 
3 Typical return loss, 102 kHz - 2.048 MHz band. 


Figure 10: Typical LXT305A 2.048 MHz E1 Application (Hardware Mode) 
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“|INOTE IN ADDITION TO THE LXP2181, THE LXT305A IS COMPATIBLE WITH A WIDE VARIETY OF FRAMING AND SIGNALING DEVICES, 
INCLUDING THE LXP2180A, DS2181, MT8979, AND R8070. 


FOR 752 COAXIAL CABLE, USE A1: 1 TRANSFORMER RATIO AND EC CODE 000. 
NOTE| 2} FoR 120.2 TWISTED-PAIR CABLE USE EITHER A 1: 1 TRANSFORMER WITH EC CODE 001, OR A 1 : 1.26 TRANSFORMER WITH 
CODE 000. | 
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LXT310 
Tl CSU / ISDN PRI Transceiver 






CSU and ISDN Primary Rate Interface (SDN PRI) applica- 
tions at 1.544 MHz. This transceiver operates over 6,000 
feet of 22 AWG twisted-pair cable without any external 
components. To compensate for shorter lines, 7.5 dB, 15 dB, 
and 22.5 dB frequency-dependent transmit Line Build-Outs 
(LBOs) are provided. 


The device offers selectable B8ZS encoding/decoding, and. 


unipolar or bipolar data I/O. The LXT310 also provides 
jitter attenuation in either the transmit or receive direction 
starting at 6 Hz, and incorporates a serial interface (SIO) for 
microprocessor control. 


The LXT310 offers a variety of diagnostic features includ- 
ing loopbacks and loss of signal monitoring. It uses an 
advanced double-poly, double-metal CMOS process and 
require only a single 5-volt power supply. 





e ISDN Primary Rate Interface (PRI) (ANSI T1.408) 
¢ CSU interface to T1 Service (Pub 62411) 
e¢ DSI Metallic Interface (ANSI T1.403) 
T1 LAN bridge 
CPU to CPU Channel Extenders 
Digital Loop Carrier - Subscriber Carrier Systems 
Tl Mux - 
Channel Banks 


ooeesosececs 





Figure Ts LXIS 10 Block Diac 
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Standard Product 
February, 1994 





¢ Fully integrated transceiver comprising: on-chip equal- 


izer; timing recovery/control; data processor; receiver; 
and transmitter with Line Build-Out and digital control 


¢ Meets or exceeds ANSI and CCITT specifications 
including T1.403, T1.408, and AT&T Pub 62411 


¢ Selectable Receiver Sensitivity. Fully restores the 


received signal after transmission through a cable with 
attenuation of either 0 to 26 dB, or 0 to 36 dB @772 kHz 


¢ Selectable Unipolar or Bipolar data I/O 

¢ Selectable B8ZS encoding/decoding 

¢ Line attenuation indication output 

¢ 138 UI jitter tolerance at 1 Hz 

¢ Output short circuit current limit protection 
¢ On-line idle mode for redundant systems 


¢ 7.5 dB, 15 dB, and 22.5 dB transmit LBOs 


¢ Local, remote and inband network loopback functions 


¢ Receive monitor with Loss of Signal (LOS) output 


* Jitter attenuation starting at 6 Hz, switchable to transmit 


or receive path 


¢ Microprocessor controllable 
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Absolute Maximum Ratings | 


| Parameter | Sym | Min. | Max | Units 
| DC supply (eferencedtoGND) | RV+Tv+ | || 
PInputeurent,anypin’ [| jw | —-10 «i SiS 
65 
WARNING: Operations at or beyond these limits may result in permanent damage to the device. Normal operation not guaranteed at these extremes. 


‘Transient currents of up to 100 mA will not cause SCR latch-up. TTIP, TRING, TV+ and TGND can withstand a continuous current of 100mA. 














Operating Conditions/Characteristics 


[_Parameter__|_Sym 
DC supply 
Ambient operating temperature 


Power dissipation ° 
line length @ 5.25 V 


1 Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing. 
2 TV+ must not exceed RV+ by more than 0.3 V. . 
3 Power dissipation while driving 25 Q load over operating temperature range. Includes device and load. Digital input levels are within 10% of the 
supply rails and digital outputs are driving a 50 pF capacitive load. 










Digital Characteristics (T, = -40° to 85°C, V+ = 5.0 V+5%, GND = 0 V) 


High level input voltage "(pins 1-5, 10, 23-28) 
Low level input voltage '- (pins 1-5, 10, 23-28) 
V 


Vo. 
Three-sate leakage current” ints) «dT —sd 


: Functionality of pins 23 and 25 depends on mode. See Host / Hardware Mode descriptions. 
2 Output drivers will output CMOS logic levels into CMOS loads. ; 

















° 


nm} d 
a= © 


Analog Characteristics (T, = -40° to 85°C, V+ = 5.0 V+5%, GND = 0 V) 


50 
Jitter added by the transmitter ” 
| 

Receive signal attenuation 
range @ 772 KHz | Mode 2 (EGL=0) | 

| Allowable consecutive zeros beforeLOS | 160 | 175_| 190 
Input jitter tolerance | aes 
‘ 1Hz a ee 

, i ees 








Typ! | Max| Units | Test Conditions | 







ve) 
© 
0 
ON 
< 





measured at the 
output with 
LBO!1 = 0, and 





N 
ay 


= 
rs 


Jitter attenuation curve corner frequency * 





1 Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing. 

2 Input signal to TCLK is jitter-free. — | 

3 Guaranteed by characterization; not subject to production testing. 

- 4 Circuit attenuates jitter at 20 dB/decade above the corner frequency. . 
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MCLK CLKE/TAOS 


1 
TCLK C2 SCLK/LLOOP CLKE/TAOS 
TPpos CO 3 CS/RLOOP SCLK/LLOOP 
TNEG Cj 4 SDO/LBO2 CS/RLOOP » 
MODE CJ 5 SDI/LBO1 
RNEG C1 6 INT/NLOOP SDO/LBO2 
RPos (] 7 RGND SDI/LBO1 
XTALIN C] 9 RRING -RGND 
XTALOUT RTIP RV+ 
JASEL LATN RRING 
LOS EGL L]** 40 1314 15 16 17 18° RTIP 
TTIP TRING ee a ee te, a 
TGND TV+ EAL 
TRING 
TV+ 















A 1.544 MHz clock input used to generate internal clocks. Upon Loss of 

MCLK Master Clock | Signal (LOS), RCLK is derived from MCLK. If MCLK is not applied, this 
pin should be grounded. 

| TCLK Transmit Transmit clock amp TPOS and TNEG are sampled on the falling edge of 
Se 

Ma ee Input data to be transmitted on the twisted-pair line. Normally, pin3 is | 
TDATA Input TPOS and pin 4 is TNEG, the positive and negative sides of a bipolar input 
| pair. However, if pin 4 is held high for at least 16 TCLK cycles (equivalent 
4 | TNEG/ | I 
UBS 












Data Input/ 
Polarity Select 






to 15 successive bipolar violations), the LXT310 switches to a unipolar 
mode. The LXT310 returns to bipolar I/O when pin 4 goes low. 










Setting MODE to logic 1 selects the Host mode. In Host mode, the serial 
interface is enabled for control and status reporting. Setting MODE to logic 
0 selects the Hardware (H/W) mode. In Hardware mode the serial interface 
is disabled; hard-wired pins control configuration and report status. Tying 

MODE to RCLK enables Hardware mode and the B8ZS encoder/decoder. 


Mode Select 


In Bipolar data I/O mode pins 6 and 7 are bipolar data outputs. A signal on 
RNEG corresponds to receipt of a negative pulse on RTIP/RRING, and a 
signal on RPOS corresponds to a positive pulse on RTIP/RRING. RNEG/ 
RPOS outputs are Non-Return-to-Zero (NRZ). In Host mode, CLKE 
determines the clock edge at which these outputs are stable and valid. In 
Hardware mode both outputs are stable and valid on the RCLK rising edge. 


Receive Data 
Negative 




















Receive Data 
Positive 


Bipolar 
Violation 

RDATA In Unipolar mode, data received from the twisted-pair line is output at pin 7. 
Receive Clock | This is the clock recovered from the signal received at RTIP and RRING. 
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In Unipolar data I/O mode, pin 6 goes high to indicate receipt of a Bipolar 
Violation of the AMI code. 









LXT310 T1 CSU/ISDN PRI Integrated Long Haul Transceiver 





Table 1: Pin Descriptions continued | a 
XTALIN Crystal Input | An external crystal (18.7 pF load capacitance, pullable) operating at 6.176 | 
7 | MHz (four times the bit rate) is required to enable the jitter attenuation 
3 : function of the LXT310. These pins may also be used to disable the jitter 
10 | XTALOUT Crystal Output | attenuator by connecting the XTALIN pin to the positive supply through a 
resistor, and leaving the XTALOUT pin unconnected. 

























11 | JASEL Jitter Selects jitter attenuation location. When JASEL = 1, the jitter attenuator is 
) Attenuation | active in the receive path. When JASEL = QO, the jitter attenuator is active in 
Select the transmit path. 





Loss Of Signal | LOS goes to a logic 1 when 175 consecutive spaces have been detected. 
LOS returns to a logic 0 when the received signal reaches a mark density of 
12.5% (determined by receipt of four marks within 32 bit periods.) Re- 
ceived marks are output on RPOS and RNEG even when LOS is at a logic 1. 
| )3| Tm | 0| transmit Tip Differential Driver Outputs. These outputs are designed to drive a 50 - 200 
Q load. Line oo resistors and transformer can be selected to give the 
[6 |-mawe | 0 nmi | Ste at 


TGND |=] txGround Ground return for the transmit drivers power supply TV+. 
15 TV+ Transmit +5: VDC power supply input for the transmit drivers. TV+ must not ay | 
Power Supply | from RV+ by more than + 0.3V. | 























_ Equalizer 
Gain Limit 





Input sets equalizer gain. When EGL = 0, up to 36 dB of equalizer gain may 
be added. When EGL = 1, equalizer gain is limited to no more than 26 dB. 













18 | LATN Line Encoded output. Pulse width, relative to RCLK, indicates receive equalizer 
Attenuation | gain setting (line insertion loss at 772 kHz) in 7.5 dB steps. When LATN = 

Indication | 1 RCLK pulse, the equalizer is set at 7.5 dB gain, 2 pulses = 15 dB, 3 pulses 

(See Figure 6) | = 22.5 dB and 4 pulses = 0 dB. Output is valid on the rising edge of RCLK. 





| 19 | emp | 1| Receive Tip | The AMI signal received from the line is applied at these pins. A 1:1 


transformer is required. Data and clock from the signal applied at these pins | 
ane Receive Ring | are recovered and output on the RPOS/RNEG, and RCLK pins. 3 
RV+ Receive Power | +5 VDC power supply for all circuits except the transmit drivers. (Transmit 
Supply drivers are supplied by TV+.) | 


Network When high, indicates Inband Network Loopback has been activated by 
_ Loopback reception of 00001 pattern for five seconds. NLOOP is reset by reception of 
(H/W Mode) | 001 for five seconds, or by activation of RLOOP or LLOOP. , 





Interrupt This LXT310 Host mode output goes low to flag the host processor when 
(Host Mode) | LOS or NLOOP changes state. INT is an open drain output and should be 
oe tied to power supply RV+ through a resistor. INT is reset by clearing the 
LOS or NLOOP register bit. | 
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Table 1: Pin Descriptions continued 







Description 











The serial data input stream is applied to this pin when the LXT310 
operates in the Host mode. SDI is sampled on the rising edge of SCLK. 










| SDI Serial Data In 
24 (Host Mode) 
; LBO! Line Build-Out In Hardware mode this input is used in conjunction with LBOZ2 to select 
Select 1 the transmit line build-outs: 00 = 0 dB, 01 = 7.5 dB, 10 = 15 dB, and 
_ (H/MW Mode) 11 = 22.5 dB. 
Serial Data Out 
(Host Mode) 














The serial data from the on-chip register is output on this pin in the 
LXT310 Host mode. If CLKE is high, SDO is valid on the rising edge 
of SCLK. If CLKE is low SDO is valid on the falling edge of SCLK. 
This pin goes to a high-impedance state when the serial port is being 
written to and when CS is high. 










Line Build-Out 
Select 2 
(H/W Mode) 


cs Chip Select This input is used to access the serial interface in the Host mode. For 
(Host Mode) each read or write operation, CS must transition from high to low, and 
remain low. | 
‘| RLOOP Remote Loopback | This input controls loopback in the Hardware mode. Setting RLOOP to 
(H/W Mode) a-logic 1 enables Remote Loopback. During Remote Loopback, in-line 
Loopback detection 






The signal applied at this pin in the LXT310 Hardware mode is used in 
conjunction with LBO1 to select the transmit line build-outs. 
00 = 0 dB, 01 = 7.5 dB, 10 = 15 dB, and 11 = 22.5 dB. 























encoders and decoders are bypassed. Setting both RLOOP and LLOOP 
while holding TAOS low causes a Reset. Setting both RLOOP and 
LLOOP with TAOS high (or tying RCLK to RLOOP) enables Network 


SCLK Serial Clock This clock is used in the Host mode to write data to or read data from 
(Host Mode) the serial interface registers. 7 
27 


LLOOP Local Loopback This input controls loopback functions in the Hardware mode. Setting 
| (H/W Mode) LLOOP to a logic 1 enables the Local Loopback Mode. Setting both 


LLOOP and RLOOP while holding TAOS low causes a Reset. 


| Setting CLKE to logic 1 causes RPOS and RNEG to be valid on the 
CLKE Clock Edge falling edge of RCLK, and SDO to be valid on the rising edge of 
(Host Mode) SCLK. When CLKE is a logic 0, RPOS and RNEG are valid on the 


rising edge of RCLK, and SDO is valid on the falling edge of SCLK. 


When set to a logic 1 in the Hardware mode, TAOS causes the LKT310 | 
TAOS Transmit All Ones | to transmit a stream of marks at the TCLK frequency. Activating 
(H/W Mode) TAOS causes TPOS and TNEG inputs to be ignored. TAOS is inhib- 


ited during Remote Loopback. Setting TAOS, LLOOP and RLOOP 
simultaneously enables Network Loopback detection. 
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Functional Description 


The LXT310 is a fully integrated PCM transceiver for 1.544 
MHz (T1) applications. It allows full-duplex transmission 
of digital data over existing twisted-pair installations. 


The LXT310 interfaces with two twisted-pair lines (one pair 
for transmit, one pair for receive) through standard pulse 
transformers and appropriate resistors. | 


Figure 1 is a block diagram of the LXT310. The transceiver 
may be controlled by a microprocessor through the serial 


port (Host Mode), or by individual pin settings (Hardware | 


Mode). The jitter attenuator may be positioned in either the 
transmit or receive path. , 


Transmitter 


Input data (bipolar or unipolar) for transmission onto the line 
is clocked serially into the device. Bipolar datais input at pin 
3 (TPOS) and pin 4 (TNEG). Unipolar data is input at pin 3 
(TDATA) only. (Unipolar mode is enabled by holding pin 
4 high for 16 RCLK cycles). Input data may be passed 


Figure 2: LXT310 Transmit Clock Timing 





through the Jitter Attenuator and/or B8ZS encoder, if se- 
lected. In Host mode, B8ZS is selected by setting bit D3 of 
the input data byte. In Hardware mode, B8ZS is selected by 
connecting the MODE pin to RCLK. Input synchronization 
is supplied by the transmit clock (TCLK). Timing require- 
ments for TCLK and the Master Clock (MCLK) are defined 
in Table 2 and Figure 2. | 


idie Mode 


The LXT3 10 incorporates a transmit idle mode. This allows 


multiple transceivers to be connected to a single line for 
redundant applications. TTIP and TRING remain in a high 
impedance state when TCLK is not present (TCLK 
grounded). The high impedance state can be temporarily 
disabled by enabling either TAOS, Remote Loopback or 
Network Loopback. | | 


The transmitted pulse shape is determined by Line Build Out 
(LBO) inputs LBO1 and LBO72 as follows: 


LBO1 | 
LBO2 





LBO settings are input through the serial port in the Host 
mode. In. the Hardware mode, LBO inputs are applied 
through individual pins. Shaped pulses meeting the various 
T1 CSU and ISDN PRI requirements are applied to the AMI 
line driver for transmission onto the line at TTIP and 
TRING. Refer to Table 3 and Figure 3 for T1 pulse mask 
specifications. 


Table 2: LXT310 Master Clock and Transmit Timing Characteristics (See Figure 2) | 





|__ Parameter | sym _| min | typ | Max | units | Notes | 


1 Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing. 
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_ Short Circuit Limit 


The LXT310 transmitter is equipped with a short-circuit 
limiter. This feature limits to approximately 120 mA RMS 
the current the transmitter will source into a low-impedance 
load. The limiter trips when the RMS current exceeds the 
limit for 100 ps (~ 150 marks). It automatically resets when 
the load current drops below the limit. 


The LXT310 meets or exceeds FCC and AT&T specifica- 
tions for CSU and NI applications, as well as ANSI T1E1, 
and CCITT requirements for ISDN PRI. 


Figure 3: 1.544 MHz T1 Pulse Mask 


3.6 V 
100% = 3.0 V 
2.4V 


>, 


LM 


) Z ‘ we 
0% 1. ORS 
0 250 


Nanoseconds 


Yi 





Table 3: Pulse Mask Corner Point Specifications 


0 


0 
350 
350 
400 
500 
600 
650 
650 
800 
896 

1100 
1250 
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Line Code 


The LXT310 transmits data as a 50% AMI line code as 
shown in Figure 4. Power consumption is reduced by 
activating the AMI line driver only to transmit a mark. The 
output driver is disabled during transmission of a space. 
Biasing of the transmit DC level is on-chip. 


Receiver 


The twisted-pair input is received via a 1:1 transformer. 
Recovered data is output at RPOS/RNEG (RDATA in 
unipolar mode), and the recovered clock is output at RCLK. 
Refer to Table 4 and Figure 5 for receiver timing. 





Ni DS1 
Pulse Mask 





N SSS 
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The signal received at RPOS and-RNEG is processed | When EGL = 1, gain is limited to no more than 26 dB. 
through the receive equalizer. The Equalizer Gain Limit _ providing for increased noise margin in shorter loop opera- 
- (EGL) input determines the maximum gain that may be __ tion. Insertion loss of the line in 7.5 dB steps, as indicated 

applied at the equalizer. When set to 0, up to36dB of gain by the receive equalizer setting, is encoded in the LATN 
may be applied. | , output as shown in Figure 6. 


Table 4: LXT310 Receive Timing Characteristics (See Figure 5) 


[Reoiecoxauone? it ras | |» | | # 
[Resse aockpase wah” —————S*dSty | | me | 00 |e 
Resse dock pac wan igh = ty |e | 
Rese cckpukewithiow | ty | 908 | mae | as | we 

ee Ee a 










ft [st 
= (z 






RPOS / RNEG to RCLK rising setup time 
RCLK rising to RPOS /RNEG hold time 


1 Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing. . 
2 RCLK duty cycle widths will vary depending on extent of received pulse jitter displacement. Max and Min RCLK duty cycles are for worst case 
jitter conditions (0.4 UI clock displacement for 1.544 MHz.) 


Figure 5: LXT310 Receive Clock Timing 


‘1 LXT310 Host Mode (CLKE = 1) 


LXT310 Host Mode (CLKE = 0) 
LXT310 Hardware Mode | 


iLATN = 4 RCLK, 0 dB of Attenuation 
l 
iLATN = 3 RCLK, 22.5 GB of Attenuation | 
LATN = 2 RCLK, 15 dB of Attenuation — NOTE: 


LATN is stable and valid 


LATN = 1.RCLK, 7.5 dB of Attenuation on the rising edge of RCLK. 
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The equalized signal is filtered and applied to the peak 
detector and data slicers. The peak detector samples the 
inputs and determines the maximum value of the received 
signal. A percentage of the peak value is provided to the data 
slicers as a threshold level to ensure optimum signal-to- 
noise ratio. The threshold is set to 50% of the peak value. 
The receiver is capable of accurately recovering signals with 
up to 36 dB of cable attenuation (from 2.4 V). 


After processing through the data slicers, the received signal 
is routed to the data and timing recovery section, then to the 
B8ZS decoder (if selected) and to the LOS processor. The 
LOS Processor loads a digital counter at the RCLK fre- 
quency. The count is incremented each time a zero (space) 
is received, and reset to zero each time a one (mark) is 
received. Upon receipt of 175 consecutive zeros the LOS pin 
goes high, and asmooth transition replaces the RCLK output 
with the MCLK. (During LOS if MCLK is not supplied and 
JASEL = 1, the RCLK output is replaced with the centered 
crystal clock.) 


Received marks will be output regardless of the LOS status, 
but the LOS pin will not reset until the ones density reaches 
12.5 %. This level is based on receipt of at least 4 ones in any 
32 bit periods. | 


Jitter Attenuation 
Jitter attenuation is provided by a Jitter Attenuation Loop 


(JAL) and an Elastic Store (ES). An external crystal oscil- 
lating at 4 times the bit rate provides clock stabilization. 


Table 5: LXT310 Crystal Specifications (External) 


Parameter 


Frequency 
Frequency Stability 


Refer to Table 5 for crystal specifications. The ES is a 32 x 
2-bit register. When JASEL = 1, the JAL is positioned in the 
receive path. When JASEL = 0, the JAL is positioned in the 
transmit path. 


Data (TPOS/TNEG / TDATA or RPOS/RNEG / RDATA) 
is clocked into the ES with the associated clock signal 
(TCLK or RCLK), and clocked out of the ES with the 
dejittered clock from the JAL. When the bit count in the ES 
is within two bits of overflowing or underflowing, the ES 
adjusts the output clock by 1/8 of a bit period. The ES 
produces an average delay of 16 bits in the associated path. 


Operating Modes 


The LXT310 can be controlled by a microprocessor through 

a serial interface (Host mode), or through individual pins, 
(Hardware mode). The mode of operation is set by the 
MODE pin logic level. 


Host Mode Operation 


The LXT310 operates in the Host mode when MODE is set 
to 1. The 16-bit serial word consists of an 8-bit Command/ 
Address byte and an 8-bit Data byte. Table 6 lists the output 
data bit combinations. Figure 7 shows the serial interface 
data structure and timing. The Host mode provides a latched 
Interrupt output (INT) which is triggered by a change in the 
LOS or NLOOP bits. The Interrupt is cleared when the 
interrupt condition no longer exists, and the host processor 
writes a one to the respective bit in the serial input data byte. 


6.176 MHz 


+20 ppm @ 25°C 


+ 25 ppm from -40° C to + 85° C 
(Ref 25° C reading) 


Pullability 
Effective series resistance 
Crystal cut 
Resonance Parallel 
Maximum drive level 
Mode of operation Fundamental 


Crystal holder | 
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HC49 (R3W), C, = 7 pF maximum 
= 17 f{F typical 


CL = 11.7 pF to 18.7 pF, +AF = 175 to 195 ppm 
CL = 18.7 pF to 34 pF, -AF = 175 to 195 ppm 


40 Q Maximum 
A 


T 
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Table 6: LXT310 Serial Data Output Bit Coding (See Figure 7) 


Reset has occurred, or no program input. 







TAOS. active 
LLOOP active 






TAOS and LLOOP active 






RLOOP active | 
1 NLOOP has changed state since last Clear NLOOP occurred. 






fo] LOS has changed state since last Clear LOS occurred. 
a LOS and NLOOP have both changed state since last Clear NLOOP and Clear LOS. 






SDI/SDO 







ADDRESS / 
COMMAND 
BYTE 








R/W = 1: READ | 7 X = DON'T CARE 
R/W = 0: WRITE | 







CLEAR INTERRUPT SET DIAGNOSTICS OR RESET 


ee 
















INPUT LOS |NLOOP| B8ZS | LBO1} LBO2 | RLOOP | LLOOP| TAOS 
DATA — DO (LSB) oo D7 (MSB) 
BYTE 1= ENABLE | 1 = ENABLE | 1=ENABLE | 1=ENABLE | 1=ENABLE 


NOTE: Output Data Byte same as Input Data Byte shown above, except for Bits D5 through D7 listed in Table 6. 


Table 7: CLKE Settings 


[output [Cock] cine =0 | CuKE=t 


RPOS/RNEG | RCLK | Rising Edge | Falling Edge 
SDO SCLK | Falling Edge | Rising Edge 


Host mode also allows control of the serial data and receive 
data output timing. The Clock Edge (CLKE) signal deter- 
mines when these outputs are valid, relative to the Serial 
Clock (SCLK) or RCLK as listed in Table 7. 
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The LXT310 serial port is addressed by setting bit A4 in the 
Address/Command byte, corresponding to address 16. The 


LXT310 contains only a single output data register so no | 


complex chip addressing scheme is required. The register is 
accessed by causing the Chip Select (CS) input to transition 
from high to low. Bit 1 of the serial Address/Command byte 
provides Read/Write control when the chip is accessed. A 
logic 1 indicates a read operation, and a logic 0 indicates a 


write operation. Serial data I/O timing characteristics are - 


‘shown in Table 8, and Figures 8 and 9. 
Hardware Mode Operation 


In Hardware mode the transceiver is accessed and controlled 
through individual pins. With the exception of the INT and 
CLKE functions, Hardware mode provides all the functions 
provided in the Host mode. In the Hardware mode RPOS/ 
RNEG or RDATA outputs are valid on the rising edge of 
RCLK. The LXT310 operates in Hardware mode only when 
MODE is set to 0 or connected to RCLK. 


Initialization and Reset Operation 


Upon power up, the transceiver is held static until the power 
supply reaches approximately 3V. Upon crossing this 
threshold, the device begins a 32 ms reset cycle to calibrate 


the transmit and receive delay lines and lock the Phase Lock — 


Loop to the receive line. A reference clock is required to 
calibrate the delay lines. The transmitter reference is pro- 
vided by TCLK. The crystal oscillator provides the receiver 
reference. If the crystal oscillator is grounded, MCLK is 
used as the receiver reference clock. 


The transceiver can also be reset from the Host or Hardware 
mode. In Host mode, reset is commanded by simultaneously 
writing ones to RLOOP and LLOOP, and a zero to TAOS. 
In Hardware mode, reset is commanded by holding RLOOP 
and LLOOP high simultaneously for 200 ns while holding 
TAOS low. In either mode, reset clears and sets all registers 
to 0. 


Diagnostic Mode Operation 


In Transmit All Ones (TAOS) mode, the TPOS and TNEG 
inputs to the transceiver are ignored and the transceiver 


transmits a continuous stream of 1’s at the TCLK frequency. | 


(If TCLK is not provided, TAOS is locked to the MCLK.) 
This can be used as the Blue Alarm Indicator (AIS). In Host 
mode, TAOS is commanded by writing a one to bit D7 of the 
input data byte. In Hardware mode, TAOS is commanded by 
setting pin 28 high. TAOS can be commanded simulta- 
neously with Local Loopback, but is inhibited during Re- 


SLEVEL 
(c ONE @ 





mote Loopback. 


Local Loopback (LLOOP) is designed to exercise the maxi- 
mum number of functional blocks. During LLOOP opera- 
tion, the RTIP/RRING inputs from the line are disconnected. 
Instead, the transmit outputs are routed back into the receive 
inputs. This tests the encoders/decoders, jitter attenuator, 
transmitter, receiver and timing recovery sections. In Host 
mode, Local Loopback is commanded by writing a one to bit 
D6 of the input data byte. In Hardware mode, Local 
Loopback is commanded by setting pin 27 high. If TAOS 
and LLOOP are both set, the All Ones pattern is transmitted 
onto the line while the TPOS/TNEG input data is looped 
back to the RPOS/RNEG outputs. 


In Remote Loopback (RLOOP) mode, the transmit data and 
clock inputs (TCLK and TPOS/TNEG or TDATA) are 
ignored, and the in-line encoders and decoders are bypassed. 
The RPOS/RNEG or RDATA outputs are looped back 
through the transmit circuits and output on TTIP and 
TRING at the RCLK frequency. Receiver circuits are 
unaffected by the RLOOP command and continue to output 
the RCLK and RPOS/RNEG or RDATA signals received 
from the twisted-pair line. In Host mode, Remote Loopback 
is commanded by writing a one to bit DS of the input data 
byte. In Hardware mode, Remote Loopback is commanded 
by setting pin 26 high. | 


Network Loopback can be commanded from the network 


when the Network Loopback detect function is enabled. In 
Host mode, Network Loopback (NLOOP) detection is en- 
abled by simultaneously writing ones to RLOOP, LLOOP 
and TAOS, then writing zeros in the next cycle. In Hardware 
mode, Network Loopback detection is enabled by holding 
RLOOP, LLOOP and TAOS high simultaneously for 200 ns 
then bringing them to logic 0, or by tying RCLK to RLOOP. 
NLOOP detection may be disabled by resetting the chip. 


When NLOOP detection is enabled, the receiver monitors 
the input data stream for the NLOOP data patterns (00001 = 
enable, 001 =disable). When an NLOOP enable data pattern 
is repeated for a minimum of five seconds (with 10° BER), 
the device begins remote loopback operation. The LXT310 
responds to both framed and unframed NLOOP patterns. 
Once remote network loopback detection is enabled at the 
chip and activated by the correct data pattern, it is identical 
to remote loopback initiated at the chip. NLOOP is reset by 
receiving the disable pattern for 5 seconds, or by activation 
of RLOOP. NLOOP is temporarily interrupted by LLOOP, 
but the NLOOP state is not reset. 
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Table 9: LXT310 Serial /O Timing Characteristics (See Figures 9 and 10) | ~ 


“oe oe ea 
SCLK low time , | 







= 


Ge 








SCLK to SDO valid i eee 


SCLK falling edge or CS rising edge | tay, - 100 - 


to SDO high Z 
1 Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing. 





Figure 8: LXT310 Serial Data Input Timing Diagram - 
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Application Considerations | Power Requirements 


LATN Decoding Circuits andExternalComponents TheLXT310isalow-power CMOSdevice. It operates from 
-a single +5 V power supply which can be connected exter- 

To conserve pins, the line attenuation output isencodedasa _ nally to both the transmitter and receiver. However, the two 

simple serial bit stream. Table 9 provides the decoded output —_ inputs must be within t .3V of each other, and decoupled to 

for each equalizer setting. Figure 10 is atypical decoding __ their respective grounds separately, as shown in Figure 11. 

circuit for the LATN output. It uses a 2-bit synchronous _Isolation between the transmit and receive circuits is pro- 

counter (half of a 4-bit counter) with synchronous reset, and vided internally. 

_ a pair of flip-flops. Table 10 lists approved crystals and 

transformers. | 


Table 9: LATN Output Coding Figure 10: Typical LATN Decoding Circuit 


Line Attenuation 















Table 10: Approved Crystals and Transformers = 


L2 
| Manufacturer | Part Numbers 


MP-1 3808-010 / 4144-002 









Component 



















Crystal M-Tron 
| (6.176 MHz) Monitor Products MSC1311-01B 
CTS Knights 6176-180 
Valpey Fisher VF49A16FN1 





U18-18-6176SP 
0553-5006-IC 


U S. Crystal 
Bell Fuse 
























Tx Transformer 







(1:2) _ FEE Fil-Mag 66Z1308 
Midcom 671-5832 
Pulse Engineering 65351, 65771 
Schott Corp 67127370 and 67130850 






HALO 


FEE Fil-Mag 

Midcom 
Pulse Engineering 
Schott Corp 
HALO 


TD61-1205G and TD67-1205G (combo Tx/Rx) 


FE 8006-155 
671-5792 
64936 and 65778 

67130840 and 67109510 | 

TD61-1205G and TD67-1205G (combo Tx/Rx) 





Rx Transformer 
(1:1) 
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Host Mode Applications 


Figure 11 shows a typical Tl CSU application with the- 


LXT310 operating in the Host mode (MODE pin tied high). 
The LXP2180A T1/ESF Framer provides the digital inter- 
face with the host controller. Both devices are controlled 
through the serial interface. In the Host mode, the LOS 
alarm is reported via the serial port.so the LOS pin is allowed 
to float. 


An LXP600A Clock Adapter (CLAD) provides the 2.048 
MHz system backplane clock, locked to the recovered 1.544 


MHz clock signal. The 6.176 MHz crystal across XTALIN 
and XTALOUT enables the JAL which is switched to the 
transmit side by the ground on JASEL. (Refer to Table 10 


_ for approved crystals and transformers.) The power supply 


inputs are tied to acommon bus with appropriate decoupling 
capacitors (68uF and 0.1 WF) installed on each side. 


The twisted-pair interfaces are relatively simple. A 100 Q 
resistor across the input of a 1:1 transformer is used on the 
receive side, and a pair of 12.5 Q resistors are installed in line 
with the 1:2 output transformer. 


Figure 11: Typical LXT310 Host Mode T1/CSU Application 


TO HOST CONTROLLER 


~LXP2180A 
T1 ESF 
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| |TMSYNC TFSYNC| | 


1.544 MHz 
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2.048 MHz 


NOTE}1 | The LXT310 is compatible with a wide 


variety of framing/signaling devices, including the 
LXP2180A, DS2180A, MT8976, and R8070. 
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LXT310 Hardware Mode Applications 


Figure 12 is atypical 1.544 MHz ISDN PRI application with 
the LXT310, LXP2180A framer and an LXP600A clock 
adapter. The LXT310 is operating in the Hardware mode 
with B8ZS encoding enabled (MODE pin 5 tied to RCLK). 
As in the T1 CSU application, Figure 11, this configuration 
is illustrated with a single power supply bus. CMOS control 


logic is used to set both LBO pins high, selecting the 22.5 dB 
LBO, and the EGL pin is tied low, allowing for full receiver 
gain. The TAOS, LLOOP and RLOOP diagnostic modes are 
individually controllable. The RCLK input to the OR gate 
at RLOOP allows for clocking of the RLOOP pin, which 
enables network loopback detection. The receive and trans- 
mit line interfaces are identical to the Host mode application 
shown in Figure 11. 


Figure 12: Typical LXT310 Hardware Mode Application 
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In addition to the LXP2180A, the LXT310 is compatible with a wide variey of | 
framing/signaling devices, including the DS2180A, MT8976 and R8070. 
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LXT318 


oretetetateteteterateretatetatetaretatedetetesere’ RRA Pte RARA RAS SOSA 






Network Termination Unit (NTU) and ISDN Primary Rate 
Interface (ISDN PRI) applications at 2.048 MHz. The 
transceiver operates from 0.0 km to 2.6 km of 0.6 mm (22 
AWG) twisted-pair cable without any external components. 


The LXT318 offers selectable HDB3 encoding/decoding, 


and unipolar or bipolar data I/O. The LXT318 also provides 
jitter attenuation in either the transmit or receive direction 
starting at 6 Hz, and incorporates a serial interface (SIO) for 
microprocessor control. 


The LXT318 offers a variety of diagnostic features includ- 
ing loopbacks and loss of signal monitoring. It is built using 
an advanced double-poly, double-metal CMOS process and 
require only a single 5-volt power supply. 
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The LXT318 is the first fully integrated transceiver for El 





Preliminary Information 
February 1994 





Fully integrated transceiver comprising: on-chip equal- 
izer; timing recovery/control; data processor; receiver; 
transmitter and digital control 


Pin compatible with the LXT310 T1 CSU/ISDN PRI 
(1.544 MHz) Transceiver 


Meets or exceeds CCITT specifications including G.703, 
G.736, 1.431 and G.823 for E1 short haul (6 dB) or long 
haul (43 dB) applications | 


Fully restores the received signal after transmission 
through a cable with attenuation of 43 dB @ 1024 kHz 


Selectable Unipolar or Bipolar data 1/O 
Selectable HDB3 encoding/decoding 


Output short circuit current limit protection 


On-line idle mode for testing or for redundant systems 


e Local and remote loopback functions 


Receive monitor with Loss of Signal (LOS) output 


Jitter attenuation starting at 6 Hz, switchable to transmit 
or receive path 


¢ Microprocessor controllable 


Available in 28-pin DIP and PLCC (extended temp) 


TRANSMIT Barve TTP 
TIMING & 7 SHIVERS 
CONTROL S aie 


TAOS Enable rie ea 
SERIAL leg _| vi 
Serial Word PORT ea SCLK 
SDI 
SDO 
LOCAL 
LOOPBACK 
TIMING 
& DATA Be RTIP 
RECOVER RECEIVE 
EQUALIZER BEING 
SLICERS 
& PEAK 
RECEIVE DETECTORS 
CLOCK : MCLK 


GENERATOR 
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Operating Conditions/Characteristics | ; 
| Parameter |_Sym_| min | Typ’ | Max | Units | Test Conditions 


eam? —=«d RW Tsp ars [so fsa pv fs 


i i eee 
Power dissipation 3 300 400 mW _ | 100% ones density & maximum 
line length @ 5.25 V 


1 Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing. 

2 TV+ must not differ from RV+ by more than 0.3 V. -— 

3 Power dissipation while driving 25 © load over operating temperature range. Includes device and load. Digital input levels are within 10% of the 
supply rails and digital outputs are driving a 50 pF capacitive load. . 












Digital Characteristics (T, =-40° to 85°C, V+ = 5.0 V +5%, GND = 0 V) 


| Parameter S| Sym | Min _| Typ | Max | Units | Test Conditions | 
High level input voltage '? (pins 1-5, 10, 23-28) Brae 2a es ae eee eee 
Low level input voltage ': (pins 1-5, 10, 23-28) | Vv, | = | ee ee | 
| High level output voltage '? (pins 6-8, 12, 23, 25) 
L our=!.61 
L 










< 
< 





< 










< 
—) 


4 
10 
10 


I+ 


Three-state leakage current ' (pin 25) 


eee 
: La 
Low level output voltage |? (pins 6-8, 12, 23, 25) fe Mote Hi eee is ey 
Input leakage caren ae Oe eoaeeec sa | 
Rm a ie 20 ese es ee 


‘ Functionality of pins 23 and 25 depends on mode. See Host / Hardware Mode descriptions. 
? Output drivers will output CMOS logic levels into CMOS loads. 


Lome 






Analog Characteristics: (T, = -40° to 85°C, V+ = 5.0 V +5%, GND = 0 V) 





om} 4 
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Parameter 
Recommended output load at TTIP and TRING 
AMI Output Pulse Amplitudes 
Jitter added by the transmitter? § 20Hz- 100kHz?° 


Input jitter tolerance 0.2 
| 100 
Jitter attenuation curve corner frequency 4 
Receive signal attenuation range @ 1024 kHz : 
Allowable consecutive zeros before LOS © | 60 
Minimum Return Loss ?:!° | Transmit Receive 
| Min Typ | Min Typ 
— SikHz - 102kHz TBD TBD | 12 TBD 
102 kHz - 2.048 MHz TBD TBD | 18 
2.048 MHz - 3.072MHz | TBD TBD 


! Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing. 
2 Input signal to TCLK is jitter-free. 

3 Guaranteed by characterization; not subject to production testing. 

4 Circuit attenuates jitter at 20 dB/decade above the corner frequency. LEV E L 
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CLKE/TAOS 





1 
2 SCLK/LLOOP rae ao 
3 — SCLK/LLOOP 
CS/RLOOP PS Gop 
4 SDO S/RL 
5 SDI 
4 ae SDO 
INT ae 
7 RGND SDI 
8 RV+ INT 
9 RRING RGND 
RTIP RV+ 
RRING 
LATN RTIP 
GND 
TRI 
Le LATN 
GND 
TRING 
TV+ 





Table 1: Pin Descriptions 


A 2.048 MHz clock input used to generate internal clocks. Upon Loss of 
MCLK Master Clock | Signal (LOS), RCLK is derived from MCLK. If MCLK is not applied, this 
pin should be grounded. 
TCLK Transmit Transmit clock input. TPOS and TNEG are sampled on the falling edge of 
Clock TCLK. 






































Transmit Data | Input for data to be transmitted on the twisted-pair line. Normally, pin 3 is 
3 Input TPOS and pin 4 is TNEG, the positive and negative sides of a bipolar input 
| pair. However, when pin 4 is held high for at least 16 TCLK cycles 
4 Data Input/ (equivalent to 15 successive bipolar violations), the LXT318 switches to a 
Polarity Select | unipolar mode. Unipolar mode pin functions are listed in Table 2. 
5 | MODE Mode Select Setting MODE to logic 1 puts the LXT318 in the Host mode. In the Host 
mode, the serial interface is used to control the LXT318 and determine its 
status. Setting MODE to logic 0 puts the LXT318 in the Hardware (H/W) 
mode. In the Hardware mode the serial interface is disabled and hard-wired 
pins are used to control configuration and report status. Tying MODE to 
RCLK activates the Hardware mode and enables the HDB3 éncoder/ 
| decoder. 
RNEG/ Receive Bipolar data outputs. A signal on RNEG corresponds to receipt of a 
BPV Negative Data} negative pulse on RTIP/RRING. A signal on RPOS corresponds to receipt 
of a positive pulse on RTIP/RRING. RNEG/RPOS outputs are Non-Return- 
to-Zero (NRZ). In Host mode, CLKE determines the clock edge at which 
7 Receive these outputs are stable and valid. In Hardware mode both outputs are 
Positive Data | stable and valid on the rising edge of RCLK. 
In Unipolar mode, pin 6 output is a Bipolar Violation indication ina pin 7 is 
the unipolar data ole See Table 2 for Unipolar mode functions. 





BON id Sad cst This is the clock recovered from the signal received at RTIP and RRING. 
rrcyR LEVEL _ a 7 
ONE @ | a? 3 2-89 
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_ Table 1: Pin Descriptions continued 


rat] 0) tome 


XTALIN: Crystal Input | An external crystal (18.7 pF load capacitance, pullable) operating at four 
.| times the bit rate ( 8.192 MHz ) is required to enable the jitter attenuation 
7 function of the LXT318. These pins may also be used to disable the jitter 
Crystal Output | attenuator by connecting the XTALIN pin to the positive supply oer a 
resistor, and tying the XTALOUT pin to ground. 


Jitter Selects jitter attenuation location. When JASEL = 1, the jitter attenuator is 
11 | JASEL Attenuation | active in the receive path. When JASEL = 0, the jitter attenuator is active in 





10 


[TEE 
Jy 
ite 


Select the transmit path. 


LOS goes to logic 1 after 175 consecutive spaces and returns to logic 0 when 

Loss Of Signal | the received signal reaches 12.5% mark density (minimum of four marks 
within 32 bit periods, with no more than 15 consecutive zeros.) Received 
marks are output on RPOS and RNEG even when LOS is at a logic 1. 


12 LOS 


a 
Go 
ae) 


Transmit Tip Differential Driver Outputs. These outputs are designed to drive a 50 - 200 
Q load. Line matching resistors and transformer can be selected to give the 
Transmit Ring | desired pulse height. 


Ground return for the transmit drivers power supply TV+. _ 


Transmit. +5 VDC power supply input for the transmit drivers. TV+ must not vary 
Power Supply | from RV+ by more than + 0.3V. 


This pin must be tied to ground. 


Line | Encoded output. Pulse width, relative to RCLK, indicates receive equalizer 
Attenuation | gain setting (line insertion loss at 1024 kHz) in 9.5 dB steps. When LATN = 
_ Indication 1 RCLK pulse, the equalizer is set at 9.5 dB gain; 2 pulses = 19 dB; 3 pulses 


| = 28.5 dB and 4 pulses = 0 dB. Output is valid on the rising edge of RCLK. 


rs 
oe | 
Q 
Z 
0 


jm 
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The AMI signal received from the line is applied at these pins. A 1:1 
transformer is required. Data and clock from the signal applied at these pins 
are recovered and output on the RPOS/RNEG, and RCLK pins. 


\o 


S 
a 
Z 
a 


1 


Receive Power | +5 VDC power supply for all circuits except the transmit drivers. (Transmit 
Supply drivers are supp by TV+.) 
Ground return for power supply RV+. 


do 
NO 


Beeeea 
Z Z 
— oC 















Interrupt 
(Host Mode) 






‘In Host mode, this pin goes low to flag the host processor when LOS 
changes state. INT is an open drain output and should be tied to power 
supply RV+ through a resistor. Reset INT by clearing the LOS register bit. 





Ground In Hardware mode, this pin is inactive and should be tied to ground. 
_(H/W Mode) | a 
24 Serial Data In | The serial data input stream is applied to this pin when the LXT318 operates 
( Host Mode) | inthe Host mode. SDI is sampled on the rising edge of SCLK. 
GND Ground This pin is inactive in the Hardware mode and should be tied to ground. 
( H/W Mode) © | 
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Table 1: Pin Descriptions continued 


Serial Data Out In the Host mode, serial data from the on-chip register is output on this 
(Host Mode) pin. If CLKE is high, SDO is valid on the rising edge of SCLK. If 
CLKE is low SDO is valid on the falling edge of SCLK. SDO goes toa 
high-impedance state when the serial port is being written to. 


Ground This pin is inactive in the Hardware mode and should be tied to ground. 
(H/W Mode) 


Chip Select In the Host mode, this input is used to access the serial interface. For 
(Host Mode) | eachread or write operation, CS must transition from high to low, and 
remain low. 





Remote Loopback | In the Hardware mode, this input controls remote loopback. Setting 
(H/W Mode) RLOOP to a logic 1 enables Remote Loopback. During Remote 
Loopback, in-line encoders and decoders are bypassed. Setting both 
RLOOP and LLOOP while holding TAOS low causes a Reset. 


Serial Clock In the Host mode, this clock is used to write data to or read data from 
(Host Mode) — the serial interface registers. 


Local Loopback In the Hardware mode, this input controls local loopback. Setting 
(H/W Mode) LLOOP to a logic 1 enables the Local Loopback Mode. Setting both 
LLOOP and RLOOP while holding TAOS low causes a Reset. 


Clock Edge In the Host mode, this pin controls transitions of the data outputs. 

(Host Mode) Setting CLKE to logic 1 causes RPOS and RNEG to be valid on the 
falling edge of RCLK, and SDO to be valid on the rising edge of 
SCLK. When CLKE is a logic 0, RPOS and RNEG are valid on the 
rising edge of RCLK, and SDO is valid on the falling edge of SCLK. 


Transmit All Ones | In the Hardware mode, this pin controls the TAOS function. When set 
(H/W Mode) to a logic 1, TAOS causes the LXT318 to transmit a stream of marks at 
the TCLK frequency. Activating TAOS causes TPOS and TNEG 
inputs to be ignored. TAOS is inhibited during Remote Loopback. 





Table 2: Unipolar Data I/O Pin Descriptions 


—————— peep 
3 |rpara oata| 1 Unipolar input for data to be transmitted on the twisted-pair line. 























The device immediately returns to bipolar I/O when pin 4 goes low. 
7 |RDATA Receive Data Unipolar data output. RDATA is a Non-Return-to-Zero (NRZ) output. 
: | rising edge of RCLK. 


apy Uni-Bi When pin 4 is held high for at least 16 TCLK cycles (equivalent to 15 
In Host mode, CLKE determines the clock edge at which RDATA is 
Note: Table 2 lists only those pins which are affected by the switch to a aia data I/O. 


Polarity Select successive bipolar violations), the LXT318 switches to unipolar data I/O. 
} 6 | Bpv jo Bipolar Violation | Pin 6 goes high when a bipolar violation is received. 
stable and valid. In Hardware mode RDATA is stable and valid on the 
(@LEVEL 
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Functional Description 


The LXT318is a fully integrated PCM transceiver for 2.048 
MHz (E}1) applications. It allows full-duplex transmission 
of digital data over existing twisted-pair installations. 


The LXT318 transceiver interfaces with two twisted-pair 
lines (one twisted-pair for transmit, one twisted-pair for 
receive) through standard pulse transformers and appropri- 
ate resistors. | 7 


Figure 1 is a block diagram of the LXT318. This transceiver 
may be controlled by a microprocessor through the serial 
port (Host Mode), or by individual pin settings (Hardware 
_ Mode). The jitter attenuator may be positioned in either the 


transmit or receive path, as determined by pin 11 (JASEL). : | 


Transmitter 


Input data (bipolar or unipolar) for transmission onto the line 


is clocked serially into the LXT318. Bipolar data is input at 


pin 3 (TPOS) and pin 4 (TNEG). Unipolar data is input at pin 
3 (TDATA) only. (Unipolar mode is enabled by holding pin 
4 high for 16 RCLK cycles). Input data may be passed 
through the Jitter Attenuator and/or HDB3 encoder, if se- 


Figure 2: LXT318 Transmit Clock Timing 


lected. In Host mode, HDB3 is selected by setting bit D3 of 
the input data byte. In Hardware mode, HDB3 is selected by 


connecting the MODE pin to RCLK. Input synchronization 


is supplied by the transmit clock (TCLK). Timing require- 
ments for TCLK and the Master Clock (MCLK) are defined 
in Figure 2 and Table 3. S | | 


Line Code 


The LXT318 transmits data as a 50% AMI line code as 


‘shown in Figure 3. Biasing of the transmit DC level is on- 


chip. Shaped pulses meeting the various CCITT require- 


ments are applied to the AMI line driver for transmission 


onto the line at TTIP and TRING. Refer to Figure 4 for E1 
pulse mask specifications. 


Idle Mode 


The LXT318 incorporates a transmit idle mode. This allows 


multiple transceivers to be connected to a single line for 
redundant applications or for testing purposes. TTIP and 
TRING remain in a high impedance state when TCLK is not 
present (TCLK grounded). The high impedance state can be 
temporarily disabled by enabling Remote Loopback. 


Figure 3: 50% AMI Coding Diagram 


1 





| 1 Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing. 
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Figure 4: 2.048 MHz E1 Pulse Mask 
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Short Circuit Limit , 
limit for 100 ps (~ 150 marks). It automatically resets when 
The LXT318 transmitter is equipped with a short-circuit the load current drops below the limit. 

limiter. This fedture limits to approximately 120 mA RMS 

the current the transmitter will source into alow-impedance |= The LXT318 meets or exceeds CCITT specifications for 
load. The limiter trips when the RMS current exceeds the = NTU applications, as well as requirements for ISDN PRI. 


Nominal peak space voltage 0+0.30 


Ratio of positive and negative 
pulse amplitudes at center of 
pulse 


Ratio of positive and negative 
(244 +25) pulse amplitudes at nominal 
half amplitude 





Receiver 


The receiver input from the twisted-pair is received via 
a 1:1 transformer. Recovered data is output at RPOS/ 
RNEG (RDATA in unipolar mode), and the recovered 
clock is output at RCLK. Refer to Figure 5 and Table: 
4 for receiver timing. | 


The signal received at RTIP and RRING is processed 
through the receive equalizer which may apply up to 43 
dB of gain. Insertion loss of the line, as indicated by the 





Table 4: LXT318 Receive Timing Characteristics (See Figure 5) 


_RPOS / RNEG to RCLK rising setup time a ee ae ee 
RCLK rising to RPOS /RNEG hold time 


1 Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing. | 
2 RCLK duty cycle widths will vary depending on extent of received pulse jitter displacement. Max and Min RCLK duty cycles are for worst case 





jitter conditions (0.4 UI clock displacement for 2.048 MHz.) . 
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~ receive equalizer setting, is encoded in the LATN output as 


shown in Figure 6. 


The equalized signal is filtered and applied to the peak 
detector and data slicers. The peak detector samples the 
_inputs and determines the maximum value of the received 
signal. A percentage of the peak value is provided to the data 
slicers as a threshold level to ensure optimum signal-to- 
noise ratio. The threshold is set to 50% of the peak value. 


The receiver is capable of accurately recovering signals with 


up to 43 dB of cable attenuation (from 2.7 V). 


After processing through the data slicers, the received signal 
is routed to the data and timing recovery section, then to the 
HDB3 decoder (if selected) and to the LOS processor. The | 


data and timing recovery sections provide an input jitter 


tolerance significantly better than required by CCITT 
G.823, as shown in Figure 7. 


The LOS Processor loads a digital counter at the RCLK 
frequency. The count is incremented each time a zero 


_ (space) is received, and reset to zero each time a one (mark) 


is received. Upon receipt of 175 consecutive zeros the LOS 


Figure 6: LXT318 Line Attenuation (LATN) Pulse Width Encoding 


: LATN = 4 RCLK, 0 dB of Attenuation 
iLATN = 3 RCLK, 28.5 dB of Attenuation 
LATN = 2 RCLK, 19 dB of Attenuation 
: LATN = = 1 RCLK, 9.5 dB of Attenuation 


100 Hz 


: “15 Ul/ 
2.4 KHz 


_ CCITT G.823 Template 
Slope equivalent to 20 dB 
perdecade | 


1 kHz 10 kHz 100 kHz 
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pin goes high, and a smooth transition replaces the RCLK 
~ output with the MCLK. (During LOS , if MCLK is not 
supplied and JASEL = 1, the RCLK output is replaced with 
the centered quartz crystal frequency.) 


_ Received marks will be output regardless of the LOS status, 
but the LOS pin will not reset until the ones density reaches 
12.5 %. This level is based on receipt of at least 4 ones in any 
32 bit periods, with no more than 15 consecutive zeros. 


Jitter Attenuation 


Jitter attenuation is provided by a Jitter Attenuation Loop 
(JAL) and an Elastic Store (ES). Figure 8 shows the LXT318 
jitter attenuation performance compared with the jitter tem- 
plate specified by CCITT G.736. An external crystal oscil- 
lating at 4 times the bit rate provides clock stabilization. 
Refer to Table 5 for crystal specifications. The ES is a 32 x 
2-bit register. When JASEL = 1, the JAL is positioned in the 
receive path. When JASEL = 0, the JAL is positioned in the 
transmit path. 


Data (TPOS/TNEG / TDATA or RPOS/RNEG / RDATA) 
. is clocked into the ES with the associated clock signal 
(TCLK or RCLK), and clocked out of the ES with the 
dejittered clock from the JAL. When the bit count in the ES 
is within two bits of overflowing or underflowing, the ES 


Figure 8: LXT318 Jitter Attenuation (Typical) | 
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adjusts the output clock by 1/8 of a bit period. The ES 
produces an average delay of 16 bits in the associated path. 


Table 5: LXT318 Crystal Specifications (External) 


Frequency Stability | +20 ppm @ 25° C 


+ 25 ppm from -40° C to + 85° C 
(Ref 25° C reading) 


Pullability CL = 11 pF to 18.7 pF, 
+AF = 175 to 195 ppm © 
CL = 18.7 pF to 34 pF, 
-AF = 175 to 195 ppm 


Effective series | 40 Q max 
resistance 




















[owetoe | 20min 


Crystal holder HC49 (R3W), C, = 7 pF max 
C,, = 17 fF typical 






CCITT G.736 Template _ 
Slope equivalent to 20 


~~" (/ ~ dB per decade 
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"319.5 dB/--- 
1.20 kHz 
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Control Modes 


The LXT318 transceiver can be controlled by a micropro-_ 


cessor through a serial interface (Host mode), or through 
individual hard-wired pins (Hardware mode). The mode of 
operation is determined by the input to pin 5 (MODE). With 
MODE set high (1), the LXT318 operates in the Host mode. 
With MODE set low (0), the LXT318 operates in the 
Hardware mode. With MODE tied to RCLK, the LXT318 
Operates in the Hardware mode with the HDB3 encoder/ 
decoder enabled. The LXT318 can also be commanded to 
operate in one of several diagnostic modes. 


Host Mode Control 


The LXT318 operates in the Host mode when pin 5 (MODE) 
is set high. In Host mode the LXT318 is controlled through 
the serial I/O port (SIO) by a microprocessor. The LXT318 
provides a pair of dataregisters, one for command inputs and 
one for status outputs, and an interrupt (INT) output. 


An SIO transaction is initiated by a low-going pulse on the 
two Chip Select pin, CS. The 318 responds by writing the 
incoming serial word from the SDI pin into its command 
register. If the command word contains a read request, the 
318 subsequently outputs the contents of its status register 
onto the SDO pin. The Clock Edge (CLKE) signal deter- 
mines when the SDO and receive data outputs are valid, 
relative to the Serial Clock (SCLK) or RCLK as listed in 
Table 6. 


Table 6: CLKE Settings 


[cake | Ouput | Cook | void Bape 


Rising 
Rising 
Falling 











Falling 
Falling 
Rising 





The 16-bit serial word consists of an 8-bit Command/ 
Address byte and an 8-bit Data byte as shown in Figures 9 — 
and 10. SIO timing characteristics are shown in Table 8, and 
Figures 11 and 12. 


Serial Input Word 

Figure 9 shows the Serial Input data structure. The LXT318 
is addressed by setting bit A4 inthe Address/Command byte, 
corresponding to address 16. Bit 1 of the serial Address/ 
Command byte provides Read/Write (R/W) control when 
the chip is accessed. The R/W bit is set to logic 1 to read the 
data output byte from the chip, and set to logic 0 to write the 
input data byte to the chip. 


The second 8 bits of a write operation, the Data Input byte, 
clear Loss of Signal (LOS) interrupts, reset the chip, and 
control HDB3 encoding/decoding, and diagnostic modes. 
The first bit (DO) clears and/or masks LOS interrupts, the 
third bit (D2) enables or disables HDB3 coding/decoding, 
and the last 3 bits (D5 - D7) control operating modes (normal 
and diagnostic) and chip reset. Refer to Table 7 for details 
on bits DS - D7. 


Table 7: SIO Input Bit Settings (See Figure 9) 
Mode RLOOP | LLOOP TAOS 
Bit D5 Bit D6 Bit D7 
| RLooP}| ot | oT NA 
| tLoop | of tT NA 
po tT NA 
ae ae! a ae a 






RESET 


Serial Output Word 

Figure 10 shows the Serial Output data structure. When the 
Serial Input word had bit AO = 1, the LXT318 drives the 
output data byte onto the SDO pin. The output data byte 


_ reports Loss of Signal (LOS) conditions, HDB3 code set- 


ting, and operating modes (normal or diagnostic as shown 
in Table 8). The first bit (D0) reports LOS status. The third 
bit (D2) reports the HDB3 setting. The last 3 bits (D5 - D7) 
report operating modes and interrupt status. | 


Table 8: LXT318 Serial Data Output Bit Coding (See Figure 10) 








fo | 1 TAOS active 
LLOOP active 
1 TAOS and LLOOP active 


RLOOP active 
R 





eserved 


Reserved 


selene or] swe 


Reset has occurred, or no program input. 














LOS has changed state since Tast Clear LOS occurred 
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The Host mode provides a latched Interrupt output pin, INT. 
An interrupt is triggered by a change in the LOS bit (DO of 


the output data byte). Ifthe INT line is high (no interruptis _ as listed in Table 8. 
pending), bits D5 - D7 report the operating modes listed in 


Figure 9: LXT318 SiO Input Data Structure 


ADDRESS / COMMAND BYTE 


ADDRESS / 


COMMAND 
BYTE 


Do (LSB) 
CLEAR 


INPUT DATA BYTE 


RLOOP | LLOOP| TAOS 
D7 (MSB) 
1 = ENABLE = ENABLE 1 = ENABLE = ENABLE 





SIO Output Data Structure 


ADDRESS / COMMAND BYTE 


SIGNAL 
MONITOR 


OUTPUT 
DATA 


(c 


LEVEL | 
ONE @ 


DECODER 
SETTING 


HDB3 


1 = ENABLED 


X = DONT CARE 
OUTPUT DATA BYTE 


coc rioor | LLoop| TAOS 
D7 (MSB) 
1=ENABLED | 1= ENABLED 1 = ENABLED 


Table 8. If the INT line is low, the interrupt status overrides 
all other reports and bits D5 - D7 reflect the interrupt status 
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Table 9: LXT318 Serial /O Timing Characteristics (See Figures 11 and 12) , 


[rem [on [a 
pte | 








Rise/Fall time - any digital output Load 1.6 mA, 5OpF | 
SDI to SCLK setup time 

SCLK to SDI hold time 

SCLK low time 2 

SCLK high time | 

SCLK rise and fall time 

CS to SCLK setup time 

SCLK to CS hold time 

cS inactive time 

SCLK to SDO valid 

SCLK falling edge or CS rising 
edge to SDO high Z | 





Figure 12: 
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Interrupt Handling 

As shown in Figure 13, the interrupt generator can be 
masked by writing a one to the respective bit of the input data 
byte (DO). When an interrupt has occurred, the INT output 
pin is pulled low. The output stage of the INT pin consists 
only of a pull-down device. Hence, an external pull-up 
resistor is required. The interrupt is cleared as follows: 


Figure 13: LXT318 Interrupt Handling 


1. Ifthe interrupt bit (LOS, DO of the output data byte) is 
high, writing a one to the respective input bit (DO, of the 
input data byte) will clear the interrupt. Leaving a one 
in this bit position will effectively mask the interrupt. 
To re-enable the interrupt capability, reset DO to zero. 


2. If the LOS bit is not high, the interrupt will be cleared 


by resetting the chip. To reset the chip, set data input 
bits DS and D6 = 1, and D7 = 0. 


Start-up or Reset - 
Interrupt Enabled 


Mask 
Interrupt 
? 


. Does an 

INT = High (No Interrupt) Interrupt 

No Condition 
Exist? 


Write a “1” to DO of 
Input Status Word to 
Mask LOS Interrupt 


INT*= Low (Interrupt) | Yes 


Read Output Status Word’ Read Output Status Word* 
(bits D5 - D7 = Operating Mode) } | (bits D5 - D7 = Interrupt Status) 


“ Regardless of Interrupt Status, 
bit DO indicates LOS status, and 


bit D2 indicates HDB3 status. Write a “1” to DO of 


Input Status Word to 
Clear/Mask LOS 
Interrupt 


INT goes high 


“ Re-Enable 
Interrupt 
? 


Write a “0” to DO of 
Input Status Word to 
re-enable LOS 
Interrupt 
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Read Output Status Word* 
(bits D5 - D7 = Operating Mode) 


“ Regardless of Interrupt Status, 
bit DO indicates LOS status, and 
bit D2 indicates HDB3 status 
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Hardware Mode Operation 


In Hardware mode the transceiver is accessed and controlled 
through individual pins. With the exception of the INT and 
CLKE functions, Hardware mode provides all the functions 
provided in the Host mode. In the Hardware mode RPOS/ 
_RNEG or RDATA outputs are valid on the rising edge of 

RCLK. The LXT318 operates in Hardware mode only when 
MODE is set to 0 or connected to RCLK. 


Initialization and Reset Operation 


Upon power up, the transceiver is held static until the power 
supply reaches approximately 3V.. Upon crossing this 
threshold, the device begins a 32 ms reset cycle to calibrate 
the transmit and receive delay lines and lock the Phase Lock 
Loop to the receive line. A reference clock is required to 
calibrate the delay lines. The transmitter reference is pro- 
vided by TCLK. The crystal oscillator provides the receiver 
reference. If the crystal oscillator is grounded, MCLK is 
used as the receiver reference clock. All PLLs are continu- 
ously calibrated. 


The transceiver can also be reset from the Host or Hardware 
mode. In Host mode, reset is commanded by simultaneously 


writing ones to RLOOP and LLOOP, and a zero to TAOS. — 


In Hardware mode, reset is commanded by holding RLOOP 
and LLOOP high simultaneously for 200 ns while holding 
TAOS low. In either mode, reset sets all registers to 0. 


Diagnostic Mode Operation 


Transmit All Ones. See Figure 14. In Transmit All Ones 
(TAOS) mode the TPOS and TNEG inputs to the transceiver 
are ignored and the transceiver transmits a continuous stream 
of 1’s at the TCLK frequency. (In the LXT318 with JASEL 
= 0 and TCLK not provided, TAOS is locked to the MCLK.) 
This can be used as the Blue Alarm Indicator (AIS). In Host 
mode, TAOS is commanded by writing a one to bit D7 of the 


input databyte. In Hardware mode, TAOS is commanded by | 


setting pin 28 high. TAOS can be commanded simulta- 
neously with Local Loopback as shown in Figure 15, but is 
inhibited during Remote Loopback. 
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Local Loopback. See Figure 16. Local Loopback (LLOOP) . 
is designed to exercise the maximum number of functional 
blocks. During LLOOP operation, the RTIP/RRING inputs 


from the line are disconnected. Instead, the transmit outputs 


are routed back into the receive inputs. This tests the | 


_ encoders/decoders, jitter attenuator, transmitter, receiver 


and timing recovery sections. In Host mode, Local Loop- 
back is commanded by writing a one to bit D6 of the input 
data byte. In Hardware mode, Local Loopback is com- 
manded by setting pin 27 high. If TAOS and LLOOP are 
both set, the All Ones pattern is transmitted onto the line 
while the TPOS/TNEG input data is looped back to the 
RPOS/RNEG outputs through the jitter attenuator, 


Remote Loopback. See Figure 17. In Remote Loopback 


-(RLOOP) mode, the transmit data and clock inputs (TCLK 


and TPOS/TNEG or TDATA) are ignored, and the in-line 


encoders and decoders are bypassed. The RPOS/RNEG or 
RDATA outputs are looped back through the transmit cir- 


cuits and output on TTIP and TRING at the RCLK fre- 
quency. Receiver circuits are unaffected by the RLOOP 
command and continue to output the RCLK and RPOS/ 
RNEG or RDATA signals received from the twisted-pair 
line. In Host mode, Remote Loopback is commanded by 


writing a one to bit DS of the input data byte. In Hardware 


mode, Remote Loopback is commanded by setting pin 26 
high. 


Application Considerations 
LATN Decoding Circuits and External Com ponents 


The line attenuation (LATN) output is encoded as a simple 
serial bit stream for use in line monitoring applications. 
Table 10 provides the decoded output for each equalizer 
setting. Figure 18 is a typical decoding circuit for the LATN 
output. It uses a 2-bit synchronous counter (half of a 4-bit 
counter) with synchronous reset, and a pair of flip-flops. 
Table 11 lists approved crystals and transformers. 
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Figure 14: TAOS Data Path | Figure 15: TAOS with LLOOP Data Path 


Transmit All Ones = LLOOP RBLOOP 
+ Local Loopback 1 0 


Timing & e oe! 
eA | Control mb: 
*Selectable JA 
Tx or Rx Path 
T 


Transmit All Ones = LLOOP RLOOP JAOS 
0 0 1 


Control 











Lees 





iming 
Recovery A 





Timing & 
tr] Control 


t 
Selectable JA 


Tx or Rx Path 
j 





Table 10: LATN Output Coding 


L1 L2 Line Attenuation 
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Power Requirements . 


The LXT318 is a low-power CMOS devices. It operates 
from a single +5 V power supply which can be connected 
externally to both the transmitter and receiver. However, the 
two inputs must be within+ .3V of each other, and decoupled 
to their respective grounds separately, as shown in Figure 19. 

~ Isolation between the transmit and receive circuits is provided 
internally. | 


Table 11: Approved Crystals and Transformers 























| Crystal 3 CTS Knights 
(8.192 MHz) M-Tron | 
| Monitor Products 
U S. Crystal 


Valpey Fisher 


Bell Fuse 
FEE Fil-Mag 
Midcom | 

Pulse Engineering 
Schott Corp 
HALO 


Tx Transformer 
(1:2) 






FEE Fil-Mag 








Rx Transformer 

(1:1) Midcom 
Pulse Engineering 
Schott Corp 


HALO 
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Part Numbers 






_LXT318 Host Mode Applications 


Figure 19 shows a typical El NTU application with the 
LXT318 operating in the Host mode (MODE pin tied high). 
The LXP2181A E1/CRC Framer provides the digital inter- 
face with the host controller. Both devices are controlled 
through the serial interface. In the Host mode, the LOS 
alarm is reported via the serial port so the LOS pin is not used 
(although it still reports valid LOS status.) 


The 8.192 MHz crystal across XTALIN and XTALOUT 
enables the JAL which is switched to the transmit side by the 
ground on JASEL. The power supply inputs are tied to a 


common bus with appropriate decoupling capacitors (68uF 


and 0.1 JF) installed on each side. 


- The line interfaces are relatively simple. A120 resistor 


(for TWP applications) across the input ofa 1:1 transformer 
is used on the receive side, and a pair of 15 Q resistors are 
installed in series with the 1:2 transmit transformer. 


8192-100 | 
3808-020 _ 
MSC1311-01B-8.192 
U18-18-8192SP 

VF49A16FN1-8.192 
























0553-5006-IC 
6621308 
671-5832 
65351, 65771 
67127370 and 67130850 

TD61-1205G and TD67-1205G (combo Tx/Rx) 



















FE 8006-155 

671-5792 

64936 and 65778 | 

67130840 and 67109510 

TD61-1205G and TD67-1205G (combo Tx/Rx) 
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Figure 19: Typical LXT318 Host Mode E1 / NTU Application 
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NOTE IN ADDITION TO THE LXP2181A, THE LXT318 IS COMPATIBLE WITH A WIDE VARIETY OF DIGITAL FRAMING AND 
SIGNALING DEVICES, INCLUDING THE DS2181A, MT8979, AND R8070. 







2.048 MHz 





| NOTE] t | XTALIN 
















8.192 
C4 MHz 


XTALOUT 


2.048 MHz JASEL 


NOTE|2| THE LXT318 IS COMPATIBLE WITH A VARIETY OF TRANSFORMER RATIOS AND RESISTOR VALUES. 
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LXT318 Hardware Mode Applications 


Figure 20 shows a typical 2.048 MHz application with the 
-LXT318 operating in the Hardware mode. As in Figure 19, 
_ this configuration is illustrated with a single power supply 


bus. CMOS control logic is used to set the TAOS, LLOOP 
and RLOOP diagnostic modes individually. The RCLK 
output is tapped to-clock the MODE pin, enabling HDB3 
encoding. The receive and transmit line interfaces are 
identical to the Host mode application shown in Figure 19. 


Figure 20: Typical LXT318 Hardware Mode Application 


Master Clock aes ae 


LXP2181A 
E11. 
FRAMER 


~TCLK 
TPOS| 


TNEG | 


8.192 MHz ([_] 


LXT318 
TRANSCEIVER 
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. TNEG 


_ MODE 


RNEG 


RPOS 
RCLK 


XTALIN 
XTALOUT 
~ JASEL 
‘Los 
‘TTIP 
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TAOS 


; From 
CMOS 
LLOOP Control 


Logic 
RLOOP 


N/C 
N/C 


N/C 
RGND 
RV+ = 
RRING nae | 
Peay sae 
RECEIVE 
RTIP - 


| _ To LATN 
LATN Decoding Circuit 


GND 


TRING ” 2.048 MHz 
. > E1 LINE —p> 
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NOTE In addition to the LXP2181A, the LXT318 is compatible with a wide variey of 
framing/signaling devices, including the DS2181A, MT8979 and R8070. 
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LXT332 
Dual T1/E1 Line Interface Unit 


The LXT332 is a fully integrated dual Line Interface Unit 


(LIU) for both North American 1.544 MHz (T1), and Euro- 
pean 2.048 MHz (E1/CEPT) applications. It features B8ZS/ 
HDB3 encoders and decoders, and a constant low output 
_ impedance transmitter for high return loss. Transmit pulse 
shape is selectable for various line lengths and cable types. 


The LXT332 incorporates an advanced crystal-less digital 
jitter attenuator starting at 6 Hz, switchable to either the 
transmit or receive side. This eliminates the need for an 
external quartz crystal. It offers both a serial interface (SIO) 
for microprocessor control and a hardware control mode for 
stand-alone operation. 


The LXT332 offers a variety of advanced diagnostic and 
performance monitoring features. It uses an advanced 
double-poly, double-metal CMOS process and requires only 
a single 5-volt power supply. 





Data Channel Bank / Concentrator 


T1/E1 multiplexer 
¢ Digital Access and Cross-connect Systems (DACS) 
Computer to PBX interface (CPI & DMI) 
SONET/SDH Multiplexers 

Interfacing Customer Premises Equipment to a CSU 
¢ Digital Loop Carrier (DLC) terminals 


Ba 





QRSS / BPV Generator 


TCLK 
TPOS B8ZS / HDB3 


Decoder 


JASEL 


B8ZS / HDB3 
RPOS Y Unipolar 
RNEG -| Decoder 
RCLK 
LOS 
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TAOS 
Enable 


Aavance Information 
February, 1994 





* Digital (crystal-less) jitter attenuation, selectable for 


receive or transmit path 


High transmit and receive return loss 


Constant low output impedance transmitter with 


programmable equalizer shapes pulses to meet DSX-1 


pulse template from 0 to 655 ft 


¢ Meets or exceeds industry specifications including 
CCITT G.703, ANSI T1.403 and AT&T Pub 62411 


¢ Compatible with most industry standard framers 


¢ Complete line driver, data recovery and clock recovery 


functions 


¢ Minimum receive signal of 500 mV, with selectable 


slicer levels (CEPT/DSX-1) to improve SNR 


¢ Local, remote, and dual loopback functions 


Built-In Self Test with QRSS Pattern Generator 


¢ Transmit / Receive performance monitors with Driver 
Fail Monitor (DFM) and Loss of Signal (LOS) outputs 


¢ Receiver jitter tolerance 0.4 UI from 40 kHz to 100 kHz 


Available in 44-pin PLCC 





Transmit 
Timing & El Equalizer 
Control 


200 OO 
Ot ee 


LEN Select 


ogoen 
Seah 


Internal 
Clock 
Generator 






TTIP 


TRING 
DFM 


MCLK 
HFC 


RTIP 
RRING 
INTO/1 
PSo/1 
CLKE 
SCLK 
SDI 
SDO 
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—LXT332 Dual T1/E1 Line Interface Unit | 


Two complete LIUs in a single PLCC 


Simplifies board design, saves real estate 
Proven architecture (LXT3xx series) | 


New Features 


Standard LXT332 Features 


Tristat tout 
_ All LXT332 output pins can be forced to a high-Z 
tristate mode. The tristate mode is enabled or cisabicd 
by the TRSTE pin. 


Bi olar r Unipolar Data // 

The LXT332 / Framer interface can be either bipolar 
(default) or unipolar (selectable). The unipolar mode is 
selected by applying a clock to the TRSTE pin. The 
MCLK, TCLK, RCLK or any other available clock that 
is close to the line frequency can be used. 


B8ZS or HDB3 Zer ression 


The LXT332 incorporates zero suppression encoders 
_and decoders for use in the unipolar data I/O mode. The 
encoders/decoders can be activated or deactivated by 
changing the logic level on the re-mapped TNEG pin. 


lectable Jitter Attenuation 

_ Jitter attenuation can be placed in either the transmit or 
receive path, or deactivated. The Jitter Attenuation 
Select (JASEL) pin determines the jitter attenuation 
mode. 


Dual Loopback 
This option enables simultaneous loopbacks to both the 
framer and the line. The TCLK, TPOS and TNEG 
framer inputs are routed through the jitter attenuator and 
looped back out the RCLK RPOS and RNEG outputs. 


The RTIP/RRING line inputs are looped back through © 


the timing recovery block and line driver onto the TTIP/ 
TRING outputs. 
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In addition to the inherent advantages of a dual 
LIU, the LXT332 also provides several ad- 
vanced features which are not available in other 
LXT30x-series devices. All of the added features 


are easily implemented. Many require only a 


clock pulse to change from one mode to another. 
Some features are available in Host Mode only. 





Additional Host-Mode Features 


High Fr lock 

The LXT332 ae a pair of high frequency alee 
outputs, one from each LIU. These 8x clocks (12.352 
MHz for T1, 16.384 MHz for E1) are tied to the de- 
jittered clock from the JA of the respective LIU. 


Bipolar Violation Insertion 
The same pins which provide the High Frequency 
Clocks can also be used to insert bipolar violations into 
the outgoing data stream. Violations can be inserted 
into each LIU channel independently. 


Built-In Self Test (QR 


The LXT332 can generate and transmit a QRSS pattern 


for Built-In Self Test (BIST) applications. Logic errors 
and bipolar violations can be inserted into the QRSS 
output. The LXT332 also detects QRSS pattern syn- 
chronization and reports bit errors in the received QRSS 
pattern data stream. 


AIS Detection 


The LXT332 detects the AIS alarm signal on the receive 
side independent of the loopback modes. When AIS is 
detected (less than 3 zeros in 2048 bits), the LXT332 
provides an indicator output. | 
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LXT312 / LXT315 
Low Power Tl PCM Repeaters 





The LXT3 12 aa LXT315 are integrated repeater circuits 


for T1 carrier systems. The LXT312 is a dual repeater and 
the LXT315 is a single repeater. The LXT312 and LXT315 
are designed to operate as regenerative repeaters for 1.544 
Mbit/s data rate PCM lines. Each includes all circuits 
required for a regenerative repeater system including the 
equalization network, automatic line build-out (ALBO), and 
a state of the art analog/digital clock extraction network 
tuned by an external crystal. 


The key feature of the LXT312 family is that it requires only 
acrystal and a minimum of other components to complete a 
repeater design. Compared with traditional tuned coil-type 
repeaters, they offer significant savings in component and 
labor costs, along with reduced voltage drop/power con- 
sumption, and improved reliability. To ensure performance 
for all loop lengths, the LXT312 and LXT315 are 100% AC/ 
DC tested using inputs generated by Level One's proprietary 
transmission line and network simulator. 


The LXT312 and LXT315 are advanced CMOS devices 
_ which require a a ee +5V power supply. 
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February, 1994 


ieeeued repeater circuit on a single CMOS chip 
On-chip equalization network 

On-chip ALBO 

Low power consumption | 

No tuning coil 

On-chip Loopback 

Recovered Clock Output 

0 to 36 dB dynamic range 

-11 dB interference margin 

Compatible with CB113/TA24 specifications 
Single 5 V only CMOS technology 


Available in 16-pin ceramic DIP 
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RTIP1 


TTIP2 * TRING 
TRING2 GNDT 


TRING1 
~ @NDT 


1 GNDR RTP 4 

RRING1 CJ 2 RTIP2 RRING CJ 2 
vec C] 3 RRING2 vec CJ 3 
RCLKI 4 LPBK RCLK Cy 4 
RCLK2 C] 5__ XTO | NC C5 
TTIP1 Cl 6 XTI TTIP C6 
7 7 

8 8 





Pin Descriptions _ | 


[rma] sym [VO] women 
1 | RTIPI Repeater Tip and | 
jo feewos| + ta | 
FRcLKI | 0 | Reawered Clock | Clk ouputecveed fom Chanel rece input 
TTIP1 Repeater Tip and Open drain output drivers for Channel 1. 
mvci|@ [mwa [On 
XTI Crystal Oscillator Either a 6.176 MHz crystal must be connected across these two 
12 XTO os teeta | pins, or a clock must be applied at XTI and XTO left floating. 
[vec | 1 | Powersupply | Powersuplyinputforallcrain. +8VG025V) 
Transmit Ground Ground return for transmit circuits. 
TRING2 Repeater Side 2 Tip | On the LXT312 dual repeater, these are open drain output 
o° [rm | 0 |minssom | stertoumtt 





Tip and ring receive inputs for Channel 1. 

















Repeater Side2_ On the LXT312 dual repeater these are tip and ring receive 
cr 
5 CLK2 Recovered Clock | On the LXT312 dual repeater, this is the recovered clock output | — 
hina 


Notes: 7 : 
1. On the LXT315 single repeater, these pins are not connected (N/C). 
2. On the LXT315 single repeater, this pin must be connected to GND. 





cr 
S 


On the LXT312, this pin controls Loopback Selection. 
High = Loopback side 1 data to side 2. Low = No Loopback. 


Loopback Control. 






Absolute Maximum Ratings* 


* Exceeding these values may cause permanent damage. ° Sup ply Voltage Voe ee 
Functional operation under these conditions is not °D yee Voltage Von 18 V 
implied. Exposure to maximum rating conditions for ° Receiver Current loc 100 mA 
extended periods may affect device reliability. - * Operating temperature T,, — -40 °C (min) to +85 °C (max) 
¢ Storage temperature ae: -65 °C (min) to +150 °C (max) 
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Recommended Operating Conditions (Voltages are with respect to ground unless otherwise specified.) 


[Parameter | Symbot | win | Typ | Max | Unis 
[Operaingtemperme ———SSCS~*~drCit | Sw] dts 


Electrical Characteristics (Ta = -40 to 85°C, V,,. = SV +5%) 


Cc 
ve" [wax [une 
a 
PRecverDynnicRenge | YY 

Digital Outputs - Low a a 0.4 

Digital Outputs - High Te =0.4 mA) 
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_ Digital Inputs - High ; 
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‘Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
2 Measured with C, .,, < 10 pF, R,,,, > 100 kQ. | 





Figure 2: Digital Timing Characteristics 
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General Description 


PCM signals are attenuated and dispersed in time as they 
travel down a transmission line. Repeaters are required to 
amplify, reshape, regenerate and retime the PCM signal, 
_then retransmit it. 7 


The LXT312 and LXT315 each contain all the circuits 
required to build acomplete PCM repeater. The operational 
range of the repeaters is 0 to 36 dB of cable loss at 772 kHz 
(equal to 6300 feet of 22 gauge pulp-insulated cable between 
_ repeaters ). | 


Functional Description 
Receive Function 


The signal is received through a 1 : 1 transformer at RTIP 
and RRING and equalized for up to 36 dB of cable loss. The 
receive equalizer uses a proprietary on-chip adaptive filter 
technique which is equivalent to a 3-port ALBO equalizer 
design. The monolithic structure of the filter and the absence 
of external components provide excellent ISI and dispersion 
elimination, and accurate data transfer over temperature. 


Receiver noise immunity is optimized by a proprietary 
crosstalk elimination filter which eliminates the unneeded 
high frequency components of the received signal. 


Timing Recovery Function 


The equalized signal is full wave rectified and used to 
generate information for the timing recovery circuit. This 
circuit uses a mixed analog/digital technique to provide a 
low-jitter PLL similar to a tuned tank with excellent jitter 
tracking ability. But unlike a tuned tank, the free running 
frequency of the PLL clock is accurately controlled by the 
external reference crystal. No adjustment is required. Refer 
to Table 1 for crystal specifications. 


Recovered clock signals are available on the RCLK pins for 
applications that require synchronization to the bit stream. 


Transmit Function 
Recovered data is resynchronized to the recovered clock 
signal by the timing recovery and transmit control section. 


The data is then retransmitted to the network via two open 
drain, high voltage transistors. 
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Loopback Function (LXT312 Only) 


The LXT312 includes a loopback. function for network 
diagnostics. With the LPBK pin low, the repeater operates 
in the normal mode. When the LPBK pin is pulled high, the 
data is looped back from side 1 to side 2. 


Test Setups 


Both the LXT312 and LXT315 are fully tested (100% AC 


and DC parameters) using inputs generated by Level One's 
proprietary transmission line and network simulator. De- 
vice testing includes receiver jitter tolerance, jitter transfer 
and interference margin, and receiver immunity to gaussian 
and 60 Hz noise. Specifications and bench test setups are 
shown in Figures 3 through 10. 


Receiver Jitter Tolerance Testing 
Receiver jitter tolerance meets the template shown in Fi gure 


3, when operated at line losses from 0 to 36 dB. Figure 4 
shows the setup used for jitter tolerance testing. 


Table 1: LXT312/315 Crystal Specifications 


—" 


Frequency 6.176 MHz 


+ 50 ppm 
| 40 Q Maximum 


Frequency ! 


Effective series 
resistance 


Crystal cut AT 
Parallel 
2.0 mW 


Resonance 
~ Maximum drive level 


Mode of operation Fundamental 





1 @ 25° C, C Load = 10 pF; and from -40° C to + 85° C 
(Ref 25° C reading) 
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Figure 3: Receiver Jitter Tolerance Template 
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Figure 4: Receiver Jitter Tolerance Test Setup 
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Receiver Jitter Transfer Testing 


Receive jitter transfer meets the template shown in Figure 5, 

when operated with line losses from 0 to 36 dB and input 
jitter amplitude of 0.15 UI peak-to-peak. Jitter gain at a 
given frequency is defined as the difference between intrin- 
sic jitter and additive jitter at the measurement frequency, 
divided by the amplitude of the input jitter. Figure 6 shows 
the setup used for jitter transfer testing. _ | 


Figure 5: Receiver Jitter Transfer Template 
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Interference Margin Testing 


The LXT312 and LXT315 receiver noise interference mar- 
gin is specified at a minimum of -11 dB for line losses from 
0 dB to 36dB. The test setup used to measure noise margin 
is shown in Figure 7. 


Acceptable Range 


9650 


Jitter Frequency (Hz) 


Figure 6: Receiver Jitter Transfer Test Setup 
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Gaussian Noise immunity Testing 


Receiver immunity to gaussian noise is specified at a maxi- 
mum BER of 10° for a quasi-random T1 signal at 
1.544 MHz (+ 130 ppm). The receiver must be immune to 
noise power expressed as Np = - (L + 4.7) dBm, where L 
corresponds to the line loss and is valid for 0 - 36 dB. 


Figure 8 shows the setup used to test gaussian noise immu- 
nity. The noise source is gaussian to at least 6 sigma and 
filtered to simulate expected noise in a binder group (per 
AT&T TA #24/CB113). 


LX1T312/315 Low Power T1 PCM Repeaters 


60 Hz Pulse Modulation Immunity Testing 


Receiver immunity to 60 Hz pulse amplitude modulation is 
specified using the gaussian noise source described in the 
previous paragraph on gaussian noise immunity. Pulse 
amplitude modulation is specified between 10% and 30% of 
the nominal amplitude (see AT&T TA #24/CB113 for 
details on the modulation envelope). Figure 9 shows the 
setup used for testing receiver immunity to 60 Hz pulse 


amplitude modulation. The following figures reflect noise 


power for 10°’ BER at each modulation level, where L 
corresponds to the line loss and is valid for 0 - 35 dB: 


ModulationLevel § Noise Power 


10% Np =- (L + 5.7) dBm 
20% Np = - (L + 6.7) dBm 
30% Np = -(L+ 8.7) dBm 


Figure 7: Receiver Noise Interference Margin Test Setup 
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Figure 8: Receiver Gaussian Noise Immunity Test Setup 
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Receiver Timing Recovery Testing 


Receiver timing recovery phase shift modulation for repeti- 
tive 8-bit patterns is specified at less than 0.07 UI. This is 
tested using any two out of 35 possible 8-bit patterns and 

measuring the change in output pulse timing from one 


pattern to the other (see AT&T TA #24 / CB113 for details — 
on the patterns). Switching rate from one pattern to the other 
is specified at between 300 Hz and 500 Hz. The setup used 
to test receiver timing recovery phase shift modulation 3 is 


- shown in Figure 10. 


Figure 9: Receiver 60 Hz Pulse Amplitude Modulation Immunity Test Setup 
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Figure 10: Receiver Timing Recovery Phase Shift Modulation Test Setup 
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Applications 


Figure 11 is a typical T1 dual repeater application circuit 
showing standard repeater card edge connections. A jumper 
selectable shorting option for the fault location circuitry is 
also shown (dashed lines, connector pins 2 and 7). 


Figure 11: Typical T1 Dual Repeater Application Diagram 


56Q1W_ SCHOTT #10951 | SCHOTT #10951 
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Notes * RTIP/RRING Resistors are used to provide surge protection. 
Values can be 0 - 100 Q. 
** TTIP/TRING Zeners are used to to reduce surge susceptibility. 
Values can be 12 - 14 V. | 
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LXT313 / LXT316 
Low Power El PCM Repeaters 






Standard Product 


February 1994 





The LXT313 aa LXT316 are integrated repeater circuits iicsael repeater circuit on a single CMOS chip 
for El carrier systems. The LXT313 is a dual repeater and 

the LXT316 is a single repeater. The LXT313 andLXT316 On-chip equalization network 

are designed to operate as regenerative repeaters for 2.048 

Mbit/s data rate PCM lines. Each includes all circuits . On-chip ALBO 

required for a regenerative repeater system including the 
equalization network, automatic line build-out(ALBO),and =, 
a state of the art analog/digital clock extraction network 
tuned by an external crystal. | 





Low power consumption 


© No tuning coil 


The key feature of the LXT313 family is that it requires only 
a crystal and a minimum of other components to complete a 
repeater design. Compared with traditional tuned coil-type 
repeaters, they offer significant savings in component and 
labor costs, along with reduced voltage drop/power con- 
sumption, and improved reliability. To ensure performance 
for all loop lengths, the LXT313 and LXT316 are 100% AC/ ; 
DC tested using inputs generated by Level One's proprietary  ° ~14 dB interference margin 
transmission line and network simulator. | 


¢ On-chip Loopback 
¢ Recovered Clock Output 


¢ 0 to 43 dB dynamic range 


e Single 5 V only CMOS technology 


The LXT313 and LXT316 are advanced CMOS devices 
which require only a a +5V ie supply. ¢ Available in 16-pin ceramic DIP 
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— RTIP1 4 1 GNDR 1 
-RRING1 Cj 2 RTIP2 2 
vec C3 RRING2 3 
RCLK1 CJ 4 LPBK 4 
RCLK2 CJ 5 XTO 5 
TTIP1 Ce XTI 6 
TRING1 Cf 7 TTIP2 7 

— GNDT CJ 8 TRING2 8 





LXT316 






Repeater Tip and 













- Ring Inputs 


[4 [ RetKt | | Revered Clk | Clock ouput eevee fom Chanel tessveapat 
TTIP1 Repeater Tip and Open drain output drivers for Channel 1. | 
11 XTI Crystal Oscillator Either a 8. 192 MHz crystal must be connected across these two 
12 | pins, or a clock must be input at XTI and XTO left floating. 
| Transmit Ground | Ground return for transmit circuits. 
[is | owe | = [tmmomet | comimuntemesmie 
9! Repeater Channel 2 | On the LXT313 dual repeater, these are open drain output 
6 | rome oun enestrcmat 
| 14! | RRING2 Repeater Channel 2 | On the LXT313 dual repeater these are tip and ring receive 
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Recovered Clock On the LXT313 dual repeater, this is the recovered clock output 
| for Channel 2. . | | 


Loopback Control On the LXT313, this pin controls Loopback Selection. 






High = Loopback side 1 data to side 2. Low = No Loopback. 
Notes: 

1. On the LXT316 single repeater, these pins are not connected (N/C). 

_ 2, On the LXT316 single repeater, this pin must be connected to GND. 


Absolute Maximum Ratings* 


* Exceeding these values may cause permanent damage. : Supp ae Vice ee 
Functional operation under these conditions is not °D ee Voltage Von 18 V 
implied. Exposure to maximum rating conditions for ° Receiver Current loc 100 mA , 
extended periods may affect device reliability. * Operating temperature T,, -40 °C (min) to +85 °C (max) 
| . * Storage temperature T,, 765 °C (min) to +150 °C (max) 
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Recommended Operating Conditions (Vottages are with respect to ground unless otherwise specified.) 


[Parameter | Symbol | Min | Typ | Max | Unis | 
a 


Electrical Characteristics (1a = -40 to 85°C, V.. = 5V +5%) 


a ene 1k ee 


Interference Margin 













Receiver Dynamic Range 





al 


Digital Outputs - Low vs = 1.6 mA) Be 0.4 
Digital Outputs - High y= 0.4 mA) Ni 4 
7 < 10 WA) oN ee 5 


an) 


‘Supply Current | Allzeros — 
Driver Leakage Current Wove = = 18 a 
ss 


‘Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
?Measured with Com < 10 pF, Ri oap > 100 kQ. 





it 
E 


| 


Q 
OQ 


WN 


ae 


0 
0.95 
269 


© 
< 


0.65 
9 


= 


a aS 
bo 
GN WA 1) WwW 


No 
— 


\wS) 


No] — 


N 
EIBIB 


aa 





Figure 2: Digital Timing Characteristics 
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General Description 


PCM signals are attenuated and dispersed in time as they 
travel down a transmission line. Repeaters are required to 
amplify, reshape, regenerate and retime the PCM signal, 
then retransmit it. | 


The LXT313 and LXT316 each contain all the circuits 


required to build acomplete PCM repeater. The operational 
range of the repeaters is 0to 43 dB of cable loss at 1.024 MHz 
(equal to 2 km of 22 gauge pulp-insulated cable between 
repeaters ). 


Functional Description 
Receive Function 


The signal is received through a 1 : 1 transformer at RTIP 
and RRING and equalized for up to 43 dB of cable loss. The 
receive equalizer uses a proprietary on-chip adaptive filter 
technique which is equivalent to a 3-port ALBO equalizer 
design. The monolithic structure of the filter and the absence 
of external components provide excellent ISI and dispersion 
elimination, and accurate data transfer over temperature. 


Receiver noise immunity is optimized by a proprietary 
crosstalk elimination filter which eliminates the unneeded 
high frequency components of the received signal. 


Timing Recovery Function. 


The equalized signal is full wave rectified and used to 
generate information for the timing recovery circuit. This 
circuit uses a mixed analog/digital technique to provide a 
low-jitter PLL similar to a tuned tank with excellent jitter 
tracking ability. But unlike a tuned tank, the free running 
frequency of the PLL clock is accurately controlled by the 
external reference crystal. No adjustment is required. Refer 
to Table 1 for crystal specifications. 


Recovered clock signals are available on the RCLK pins for 
applications that require synchronization to the bit stream. 


Transmit Function 
Recovered data is resynchronized to the recovered clock 
signal by the timing recovery and transmit control section. 


The data is then retransmitted to the network via two open 
drain, high voltage transistors. 
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Loopback Function (LXT313 Only) 


The LXT313 includes a loopback function for network 
diagnostics. With the LPBK pin low, the repeater operates 
in the normal mode. When the LPBK pin is pulled high, the 
data is looped back from side 1 to side 2. , 


Test Setups — 


Both the LXT313 and LXT316 are fully tested (100% AC 
and DC parameters) using inputs generated by Level One's 
proprietary transmission line and network simulator. De- 
vice testing includes receiver jitter tolerance, jitter transfer 
and interference margin for line losses from 0 dB to 43 dB 
@ 1.024 MHz. Specifications and bench test setups are 
shown in Figures 3 through 7. 


Receiver Jitter Tolerance Testing 


Receiver jitter tolerance meets the template shown in Figure 
3, when operated at line losses from 0 to 43 dB. Figure 4 
shows the setup used for jitter tolerance testing. 


Table 1: LXT313/316 Crystal Specifications 


Frequency 8.192 MHz 


Frequency ! + 50 ppm 


| Effective series 30 Q Maximum 


resistance 


Crystal cut | 7 AT. 
Parallel 
2.0 mW 


Resonance — 
Maximum drive level 


Mode of operation Fundamental 


1 @ 25° C, C Load = 10 pF; and from -40° C to + 85° C 
(Ref 25° C reading) 
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Figure 3: Receiver Jitter Tolerance Template 
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Figure 4: Receiver Jitter Tolerance Test Setup 





Cable 
| 0 dB - 43 dB 
RSS | 
ek “alin | Sinusoidal | @ 1-024MHz] LxT313/ Error 
HDB3 Jitter LXT316 Detector 
Modulator — Repeater 


— Encoding 


NE St? ie 
| (AAS | ee | ne 2-121 


LXT313/316 Low Power E1 PCM Repeaters 


Receiver Jitter Transfer Testing 


Receive jitter transfer meets the template shown in Figure 5, 
when operated with line losses from 0 to 43 dB and input 
jitter amplitude of 0.15 UI peak-to-peak. Jitter gain at a 
given frequency is defined as the difference between intrin- 


the setup used for jitter transfer testing. 
interference Margin Testing 


The LXT313 and LXT316 receiver noise interference mar- - 
gin is specified at a minimum of -14 dB for line losses from 


Sic jitter and additive jitter at the measurement frequency, 


0 dB to 43 dB. The test setup used to measure noise margin 
divided by the amplitude of the input jitter. Figure 6 shows | 


is shown in Figure 7. : 


Figure 5: Receiver Jitter Transfer Template 
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Figure 6: Receiver Jitter Transfer Test Setup 
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_ Figure 7: Receiver Noise Interference Margin Test Setup 
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Applications 


Figure 8 is a typical El dual repeater application circuit 
showing standard repeater card edge connections. A jumper 
selectable shorting option for the fault location circuitry is 
also shown (dashed lines, connector pins 2 and 7). 


Figure 8: Typical E] Dual Repeater Application Diagram 
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LXT324. 
T1/E1 Integrated Quad Receiver 





The LXT324 is a fully integrated quad PCM receiverfor * 4 independent DSX-1/E1 receivers 
both North American 1.544 MHz (T1), and European 2.048 . 
MHz (E1) applications. It incorporates four independent 
receivers in a single 28-pin DIP or PLCC. The operating 
frequency is pin selectable. | 


¢ Circuit functions include data and clock recovery 





¢ Single Master Clock input 
The LXT324 receiver performs data and timing recovery, 


and uses peak detection and a variable threshold toreduce . Meets or exceeds AT&T PUB 62411 requirements 
impulsive noise. LXT324 receiver sensitivity down to 500 


for input jitter tolerance 
mV allows for up to 13.6 dB of attenuation. 


The LXT324 is an advanced double-poly, double-metal  * Unipolar RPOS and RNEG outputs 
CMOS device and requires only a single 5-volt power 
supply. . ¢ Minimum receive signal of 500 mV 





¢ Selectable slicer levels (DSX-1/CEPT) to provide 
improved SNR | 


High-density T1/E1 line cards 
DSX-1/E1 test equipment 
DSX-1/E1 line monitoring 
DSX-1/ E1 receive line interface 


e Single 5 V only CMOS technology 


e Available in 28-pin DIP and PLCC 
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| 25H Ge 

RPOS1 Ts vcc | AWOQELG 
RNEG1 2 RRING1 ca&oe>ooce 
RCLKi 4 3° RTIP1 
RPOS2 4 NC RPOS2 [ 1 RRING2 
RNEG2 C5 -RRING2 RNEG2 7 h TIPS 
RCLK2 Cj 6 RTIP2 ee Ries 

N/C 7 N/C | 
RPOS3 8 RRINGS NCL ] RRING3 
RNEG3 9 RTIP3 RPOS3 7 | 1] RTIPS 
RCLK3 N/C RNEG3 N/C 
RPOS4 RRING4 RCLK3 fF  RRING4 
RNEG4 RTIP4 : 
RCLK4 MODE + 

GND MCLK SasXS0RE 

Ege °285 





| to receipt of a positive pulse on RTIP1 and RRING1. RNEG1 and 
RPOS1 outputs are Non-Return-to-Zero red Both outputs are stable 


Receiver 2 
Positive and 


Positive and | These are the data and clock outputs recovered from the signal received at 
Negative Data | RTIP3 arid RRING3. 
and Recovered | 
Clock 


Receiver 4 | 
Positive and | These are the data and aipek outputs recovered from the signal received at 
Negative Data | RTIP4 and RRING4. 
and Recovered 
Clock 


MCLK Master Clock | A 1.544 MHz or 2.048 MHz clock input used to generate internal clocks. 
Upon loss of signal, the RCLKs are derived from MCLK. 
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Receiver 2 Tip | The AMI signal received from the second twisted-pair line is applied to 
the LXT324 at these pins. 






np Pine 
Select operates independently from the MCLK rate. This allows the 50% 
these pins. Data and clock from the signal applied at these pins are 
9} 20] we | -{ Nc No connection. Must be grounded to reduce crosstalk. 
ea se [| me No connection. Must be grounded to reduce crosstalk. 


: MODE Mode Select {| Setting MODE to logic 1 sets the data slicer thresholds to 50% of the 
incoming signal (CEPT mode). Setting MODE to logic 0 sets the data 
slicer ratio to be used with a 1.544 MHz MCLK, for improved sensitivity. 

ets Receiver 4 Tip | The AMI signal received from the fourth twisted-pair line is applied at 
Receiver 4 
recovered and output on the RPOS4/RNEG4, and RCLK4 pins. 
20 | 21 RTIP3 Receiver 3 Tip | The AMI signal received from the third twisted-pair line is applied to 
the LXT324 at these pins. 
21 | 22 | RRING3 
Fo A BS No connection. Must be grounded to reduce crosstalk. 
RTIP1 
: RRING1 
ata wate Power Supply | +5 VDC power supply. 


Pin io continued 

slicer thresholds to 70% of the incoming signal (DSX-1 mode). The Mode 
these pins. A center-tapped, center-grounded transformer is required on 

18 | 19 | RRING4 

Ring 
RTIP2 
RRING2 
Absolute Maximum Ratings* 


Receiver 1 Tip | The AMI signal received from the first twisted-pair line is applied to 
the LXT324 at these pins. 






* Exceeding these values may —_ Supply voltage ae -0.3V to 6V 

- Cause permanent damage. ¢ Voltage on any I/O pin' ‘VV, GND -0.3V to V,,. +0.3V 
Functional operation under ¢ Current on any I/O pin? Lk +10 mA 
these conditions is not * Package power dissipation P, 1W 
seis Seas teabiicae e Storage temperature Te -65 °C (min) to 150 °C (max) 


absolute maximum rating 
conditions for extended 
periods may affect device 
reliability. 


‘Excluding RTIP and RRING which must stay within -6V to RV + 0.3V. 
' 2'Transient currents of up to 100 mA will not cause SCR latch-up. 


Recommended Operating Conditions (Voltages are with respect to ground unless otherwise stated) 
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DC Electrical Characteristics (Clocked operation over recommended temperature and power supply ranges.) 
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Master and Receive Clock eumne Characteristics (See Figure 2) 
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Posie] eux] | ose | | 
cL |e 
marcstowose wc oT 0 [ee 


Receive clock duty cycle OE a Ri OM 
Receive clock pulse width 270 | 324 


RPOS / RNEG to RCLK 270: ||. | 
=f 
=f | 

ee 


RNEG hold time CEPT 
Rise/fall time - any digital output 


' Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing. 
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Figure 2: Clock Timing Diagram | 
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Functional Description 


The LXT324 is a fully integrated PCM receiver for both 
1.544 MHz (DSX-1) and 2.048 MHz (CEPT) applications. 
The mode of operation is set by the MCLK frequency and the 
MODE pin logic level. The LXT324 is alow-power CMOS 
device which operates from a single +5 V power supply. 


Figure 1 is a simplified block diagram of the LXT324. 
Receiver characteristics are listed in Table 1. The signal is 
received from the twisted-pair line on each side of a center- 
grounded transformer. (Positive pulses are received at RTIP 
and negative pulses are received at RRING.) This differen- 
tial signal is processed through the peak detector and data 
slicers. The peak detector samples the inputs and determines 
the maximum value of the received signal. A percentage of 
the peak value is provided to the data slicers as a threshold 
level to ensure optimum signal-to-noise ratio. For DSX-1 
applications (MODE Select = 0) the threshold is set to 70% 
of the peak value. This threshold is maintained above 65% 
for up to 15 successive zeros over the range of specified 
operating conditions. For CEPT applications (MODE Se- 
lect = 1) the threshold is set to SO %. The slicer threshold is 
maintained through a capacitive storage arrangement and a 
combination of Refresh and Bleed-off circuitry. This design 


Table 1: Receiver Characteristics 


Slicer ratio DSX-1 


LXT324 T1/E1 Integrated Quad Receiver 


balance prevents the refresh circuitry from driving the 
threshold too high, while ensuring that it is maintained over 
long strings of successive zeros. 


The LXT324 is capable of accurately recovering signals 
with up to 13.6 dB of attenuation (from 2.4 V), correspond- 
ing to a received signal level of 500 mV. Maximum cable 
length is 1500 feet of ABAM cable (approximately 6 dB). 
Regardless of received signal level, the peak detectors are 
held above a minimum level of 0.15 V to provide immunity 
from impulsive noise. 


After processing through the data slicers, the received signal 
is routed to the data and clockrecovery sections. Recovered 
clock signals are supplied to the data latch. The recovered 
data is synchronized with the recovered clock (RCLK), then 
output at RNEG and RPOS. RPOS and RNEG outputs are 
valid on the rising edge of RCLK. 


Line Interface 


The LXT324 interfaces with four twisted-pair lines (one 
twisted-pair for each receiver) through standard pulse 
transformers and appropriate resistors. Recommended 
transformer characteristics are listed in Table 2. 





Table 2: Recommended Transformer Characteristics 













Interwinding capacitance 





1.0 maximum 


DCresistance =| Primary | 0 maximum | LO meximum | 
[Secondary [| 1.0maximum | 2.0maximum | 


1.0 maximum 


; i Q 
| Leakage inductance |S maximum | .0maximum | 


! Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing. 
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Applications 


The LXT324 is compatible with both DSX-1 and CEPT 
‘systems. Low +5 V only power consumption simplifies 
design considerations where multiple receivers are required. 
The LXT3724 is well suited for use in both test equipment and 
monitor applications. The primary difference in circuit 
design for these two applications is the input transformer. 
The typical DSX-1 pulse seen in test equipment applications 


requires a 1:1:1 transformer at the receiver input. The | 
attenuated pulse seen in monitor applications may require a 
1:2:2 transformer to boost the input signal. Figure 3 is a 
typical 1.544 MHz DSX-1 application. The LXT324 is 
shown tapped into the Cross Connect frame with 800 Q 
resistors across each leg of the center tapped, center 
grounded 1:2:2 step-up transformer. _ 3 


Figure 3: Test/ Monitor Equipment Application Diagram 
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Standard Product 
February, 1994 





LXT325 
T1/E1 Integrated Quad Receiver with LOS 





The LXT325 is a fully integrated quad PCM receiver for * 4 independent DSX-1/CEPT receivers 
both North American 1.544 MHz (T1), and European 2.048 
MHz (E1) applications. It incorporates four independent , 
receivers in a single 28-pin DIP or PLCC. Each receiver 
incorporates a Loss Of Signal (LOS) detection circuit and 
output driver. The operating frequency is pin selectable. 


Loss Of Signal (LOS) output for each receiver 


e Circuit functions include data and clock recovery 


The LXT325 receiver performs data and timing recovery, ° Single Master Clock input 

and uses peak detection and a variable threshold to reduce : | 

impulsive noise. LXT325 receiver sensitivity down to500 * Meets or exceeds AT&T PUB 62411 requirements 
mV allows for up to 13.6 dB of attenuation. | | 


. ¢ Unipolar RPOS and RNEG outputs 
The LXT325 is an advanced double-poly, double-metal 


CMOS device and requires only a single 5-volt power 


supply. ¢ Minimum receive signal of 500 mV_ 


¢ Selectable slicer levels (DSX-1/CEPT) to provide 
improved SNR 





High-density T1/E1 line cards 
DSX-1/CEPT test equipment 
DSX-1/CEPT line monitoring 


DSX-1/CEPT receive line interface : ¢ Available in 28-pin plastic DIP and PLCC 


¢ Single 5 V only CMOS technology 
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RPOS1 1 Vcc a O28 E2 2g 
RNEG1 2 RRING1 cee >vedn a 
| 
RPOS2 4 LOS1 | 
RCLK2 6 RTIP2 RNEG2 fr 1 RTIP2 
ons canon POUL pos 
3 
RNEG3S 19 RTIP3 LOSS [ 1 RRING3 
RCLK3 | LOS4 RPOSS [ TRTIPS 
RPOS4 - RRING4 RNEGS3 ff "1 LOos4 
RNEG4 RTIP4 RCLK3 7 1] RRING4 
RCLK4 MODE 
GND MCLK Todd 
| | aor esa 
—_/ 
p28 °82E 
cao = 


Pin Descriptions 


Description | 
2 


RPOS1 Receiver 1 | Receiver 1 data outputs. A signal on RNEGI corresponds to receipt of a 
Positive Data | negative pulse on RTIP1 and RRING1. A signal on RPOS1 corresponds 
and Recovered | RTIP2 and RRING2. 


to receipt of a positive pulse on RTIP1 and RRING1. RNEG1 and 
Receiver 1 | RPOS1 outputs are Non-Return-to-Zero (NRZ). Both outputs are stable 
Negative Data | and valid on the rising edge of RCLK1. 
LOS3 Loss of ae LOS pins go high whea the associated receiver detects 175 consecutive 
spaces. The LOS output returns low when a mark is received. 
Receiver 3 
Positive and | These are the data and clock outputs recovered from the signal received at 
Negative Data | RTIP3 and RRING3. 


and Recovered 
Clock 


Receiver 2 — 
Positive and 
Negative Data These are the data and clock outputs recovered from the signal received at | 





Receiver 4 
Positive and | These are the data and clock outputs recovered from the signal received at 
Negative Data | RTIP4 and RRING4. | 
and Recovered 
Clock 


Master Clock | A 1.544 MHz or 2.048 MHz clock input used to generate internal clocks. 
Upon loss of signal, the RCLKs are derived from MCLK. 
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Receiver 2 Tip | The AMI signal received from the second twisted-pair line i is applied to |. 
the LXT325 at these pins. 






eis 
Select operates independently from the MCLK rate. This allows the 50% 
these pins. Data and clock from the signal applied at these pins are 
LOS4 co Loss of Signal | LOS output for receiver 4. 
LOS1 po Loss of Signal | LOS output for receiver 1. 


16 | 17 | MODE Mode Select | Setting MODE to logic 1 sets the data slicer thresholds to 50% of the 
| slicer ratio to be used with a 1.544 MHz MCLK, for improved sensitivity. 
recovered and output on the RPOS4/RNEG4, and RCLK4 pins. 
RTIP3 Receiver 3 Tip | The AMI signal received from the third twisted-pair line is applied to 
RRING3 
RTIP1 Receiver 1 Tip | The AMI signal received from the first twisted-pair line is applied to 
| | RRING1 


incoming signal (CEPT mode). Setting MODE to logic 0 sets the data 
Cre Receiver 4 Tip | The AMI signal received from the fourth twisted-pair line is applied at 
the LXT325 at these pins. 
LOS2 = Loss of Signal | LOS output for receiver 2. 
the LXT325 at these pins. 
ra ante Power Sansly: +5 VDC power supply. 


Pin —— continued 
slicer thresholds to 70% of the incoming signal (DSX-1 mode). The Mode 
these pins. A center-tapped, center-grounded transformer is required on 

18 RRING4 Receiver 4 

Ring 
RTIP2 
RRING2 
Absolute Maximum Ratings* 





* Exceeding these values may —_ « Supply voltage ae -0.3V to 6V 
cause permanent damage. ¢ Voltage on any I/O pin’. V,, GND -0.3V to V,, +0. 3V 
Functional operation under ¢ Current on any I/O pin? Lio +10 mA 
these conditions is not * Package power dissipation P,, 1W 
sD eG: EDosure AG * Storage temperature Te -65 °C (min) to 150 °C (max) 


absolute maximum rating 
conditions for extended 
periods may affect device 
reliability. 


‘Excluding RTIP and RRING which must stay within -6V to RV + 0.3V. 
* Transient currents of up to 100 mA will not cause SCR latch-up. 


Becommented Operating Conditions (Voltages are with respect to ground unless otherwise stated) 


[rene Tm Tn [ns To 
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DC Electrical Characteristics (clocked operation over recommended temperature and power supply ranges.) 


| Parameter Sym _|min_| typ| Max| Units|  TestConditions 
cof > 
[states =| 










5 |S 
Ss 1s 
£2 
|g 
=| 5 
S.| 5. 
a|é 
Oo 1°O 
<1 < 
BE |e 

© 

in 






I, 
=10 


15 pF load 


ea 
z 
ae = 
cw a 
<a =0 
ce 


Test Conditions 








15 pF load 


1 Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing. 


_ Figure 2: Clock Timing Diagram 
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Functional Description 


The LXT325 is a fully integrated PCM receiver for both 
1.544 MHz (DSX-1) and 2.048 MHz (CEPT) applications. 
_ The mode of operation is setby the MCLK frequency and the 
MODE pin logic level. The LXT325 is alow-power CMOS 
device which operates from a single +5 V power supply. 


Figure 1 is a simplified block diagram of the LXT325. 
Receiver characteristics are listed in Table 1. The signal is 
received from the twisted-pair line on each side of a center- 


grounded transformer. (Positive pulses are received at RTIP 


and negative pulses are received at RRING.) This differen- 
tial signal is processed through the peak detector and data 
slicers. The peak detector samples the inputs and determines 
the maximum value of the received signal. A percentage of 
the peak value is provided to the data slicers as a threshold 
level to ensure optimum signal-to-noise ratio. For DSX-1 
applications (MODE Select = 0) the threshold is set to 70% 
of the peak value. This threshold is maintained above 65% 
for up to 15 successive zeros over the range of specified 
operating conditions. For CEPT applications (MODE Se- 
lect = 1) the threshold is set to 50 %. The slicer threshold is 
maintained through a capacitive storage arrangement and a 
combination of Refresh and Bleed-off circuitry. This design 


Table 1: Receiver Characteristics 






| Parameter 





Slicer ratio 






Sensitivity below DSX 
(OdB = 2.4V) 





= 
[Dymumicrngs S| PRY 050 «|| Viek 
‘tniesine ————SsC=C~=‘“zt SSP 


a ee ee ee | 
p= [| soo fT -  T 


balance prevents the refresh circuitry from driving the 
threshold too high, while ensuring that it is maintained over 
long strings of successive zeros. 


The LXT325 is capable of accurately recovering signals 
with up to 13.6 dB of attenuation (from 2.4 V), correspond- 
ing to a received signal level of 500 mV. Maximum cable 
length is 1500 feet of ABAM cable (approximately 6 dB). 
Regardless of received signal level, the peak detectors are 
held above a minimum level of 0.15 V to provide immunity 
from impulsive noise. 


After processing through the data slicers, the received signal 
is routed to the data and clock recovery sections. Recovered 
clock signals are supplied to the data latch. The recovered. 
data is synchronized with the recovered clock (RCLK), then 
output at RNEG and RPOS. RPOS and RNEG outputs are 
valid on the rising edge of RCLK. 


Line Interface 


The LXT325 interfaces with four twisted-pair lines (one 
twisted-pair for each receiver) through standard pulse 
transformers and appropriate resistors. 
transformer characteristics are listed in Table 2. 


‘Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing. 


Table 2: Recommended Transformer Characteristics 





Primary inductance 
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_ Applications 


The LXT325 is compatible with both DSX-1 and CEPT 
systems. Low +5 V only power consumption simplifies 
design considerations where multiple receivers are required. 
The LXT325 is well suited for use in both test equipment and 
monitor applications. The primary difference in circuit 
design for these two applications is the input transformer. 
The typical DSX-1 pulse seen in test equipment applications 
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Figure 3: Test / Monitor Equipment Application Diagram 
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requires a 1:1:1 transformer at the receiver input. The 
attenuated pulse seen in monitor applications may require a 
1:2:2 transformer to boost the input signal. Figure 3 is a 
typical 1.544 MHz DSX-1 application. The LXT325 is 
shown tapped into the Cross Connect frame with 800 Q 
resistors across each leg of the center tapped, center 
grounded 1:2:2 step-up transformer. 
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LXP600A, LXP602 and LXP604 
Low-Jitter Clock Adapters (CLAD) 





* 
CMC 

°' ae 
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The LXP600A, LXP602 and LXP604 Clock Adapters  ° Generates a 1.544 MHz clock and its frame sync from a 
(CLADs) incorporate Level One's patented frequency con- 2.048 MHz or 4.096 MHz clock and its frame sync, or 
version circuitry. The LXP600A and LXP602 convert a vice versa 

1.544 MHz input clock to a 2.048 MHz output clock, or vice 

versa. The LXP604 converts between 1.544 MHzand4.096 — * Low output jitter meets AT&T Publication 62411 for 
MHz. Each CLAD produces two different high frequency 1.544 MHz, and CCITT Recommendation G.823 for - 
output (HFO) clocks for applications which require a 2.048 MHz 

higher-than-baud rate backplane or system clock. 








. ¢ Digital control of frequency conversion process 
Level One’s patented locking method enables the CLAD to 
perform frequency conversion with no external compo- ¢ No external components 
nents, while generating very little jitter on the output clock. 
The conversion is digitally controlled so the output clock  * Available in 8-pin plastic DIP 
(CLKO) is as accurate as the input clock (CLK]), and the two 
clocks are frequency locked together. When aninput frame — * Pin-selectable operation mode 
sync pulse (FSI) is provided, the CLAD also phase locks | 
CLKI and CLKO together, and locks the output frame sync * Advanced CMOS device requires only a single +5V 
pulse (FSO) to FSI. power supply | 


CLAD | CLKI | CLKO | HO | 
LXP600A | 1.544] 2.048 | 6.144 
| 2.048 | 1.544 | 6.176 
LXP602 | 1.544| 2.048 | 8.192 

2.048 | 1.544 | 6.176 

LXP604 4 








ne 
SSS SSS 


¢ Internal timing system for Channel Banks, Digital Loop 
Carriers, Multiplexers, Internal Timing Generators, PBX, 
etc. 






© gi 


e Conversion between 2.048 MHz or 4.096 MHz 
backplane rates and 1.544 MHz T1 clock rate. 


Bi 









¢ Conversion between North American and European 
standards (T1 / E1 Converter). . 





-O 





















ANALOG 



















oo PHASE-LOCKED HFO 
LOOP 
FEEDBACK FREQUENCY 
FSI GENERATOR FSO 
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Fso vcc | 
| _ HFO FSI 

CLKI SEL . 

CLKO GND 





Table 1: Pin Descriptions © ~  « | | 
Description 


Frame Sync Frame synchronization output at 8 kHz. FSO is synched to CLKO and to FSI 
Output (if FSI is provided.) | | 


High Frequency | HFO is used to derive CLKO. HFO can also clock external devices. 

Output HFO is always a multiple of CLKO (CLKO x 2, x3, or x4) 
Actual frequencies are determined by device, CLKI and CLKO frequencies _ . 
and Mode Select (SEL) input, as listed in Table 6. 


Clock Input 
Clock Output 


Ground 


Mode Select. Controls frequency conversion as listed in Table 6. 


When SEL = 1, higher frequency CLKI (2.048 for LXP600A and LXP602, 
4.096 MHz for LXP604) is converted to 1.544 MHz CLKO. 


When SEL = 0, 1.544 MHz CLKI is converted to higher frequency CLKO 
(2.048 for LXP600A and LXP602, or 4.096 MHz for LXP604). 


Frame Sync Input | 8 kHz frame synchronization pulse. Tie high or low if not used. 


Power Supply +5 V power supply input. 
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Table 2: Operating Conditions (Voltages are with respect to ground unless otherwise specified. a 


[Parameter | Symbot_| Min | Typ | Mex] Units | Test Gondiions 

5 ae MO KA 1 
ee ae [re 

Cn aN 


















Table 3: Digital Characteristics 


ee 


Input low |Inputlowvoltage  — ssi—<—SsSCSY 


Input high voltage 









Output low voltage (I, = + 1.6 mA) 
Output low voltage (I, < + 10 nA) 


Pov | 
Output high voltage (I,,, = - 0.4 mA) 
a 
| Symbol _| 
eee 


Output high voltage (I,,, < - 10 WA) 


Input leakage current 


_ Table 4: Timing Values (see Figure 2) 


Parameter 


ae at Dac 
nar ee 
am 
= 
in 
310000 


Capture range on CLKI +10000 
Lock range on CLKI +10000 


Input clock duty cycle 


eed 
Rise/fall time on CLK], FSI | Led 
a 


Rise/fall time on CLKO, FSO, HFO with a 25 DF load — 


Figure 2: Rise and Fall Times 


_VIH/VOH — 
VIL/VOL 
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Table 5: Timing Values (see Figures 3 through 7) | _ 
[Pamneer | oymeet [un ee 

| FSI setup time from CLKI rising | Tsui | 46 | | 
eatin cel 
















: Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing. 
2 TCLKLis the period of CLKI. | 
3 TCLKO is the period of CLKO. 


Figure 3: LXP600A and LXP602 High to Low Frequency Conversion Frame Sync Alignment 
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Figure 5: LXP600A Low to High Frequency Conversion Frame Sync Alignment 
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Figure 6: LXP602 Low to High Frequency Conversion Frame Sync Alignment 
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Functional Description 


The CLADs convert an input clock (CLKI) at a particular 
frequency to an output clock (CLKO) at a different fre- 
quency. They also produces a frame sync output (FSO) and 
ahigh frequency output (HFO) clock. The HFO isa multiple 


(2x, 3x, or 4x) of CLKO. The HFO and CLKI/CLKO . 


conversion frequencies are different for each device, and 
controlled by the Mode Select input as listed in Table 6. 


The LXP600A and LXP602 convert between 1.544 MHz 


and 2.048 MHz. When converting from 2.048 MHz to 1.544 


MHz, both CLADs produce a 6.176 MHz HFO. However, 

when converting from 1.544 MHz to 2.048 MHz, the 
LXP600A produces a 6.144 MHz HFO and the LXP602 
produces an 8.192 MHz HFO. 


- The LXP604 converts between 1.544 MHz and 4.096 MHz. 
When converting from 4.096 to 1.544 MHz the LXP604 
HFO is 6.176. When converting from 1.544 MHz to 4.096 
MHz, the LXP604 produces an 8.192 MHz HFO. 


The Mode Select (SEL) input controls whether the device 
converts to a higher or lower frequency as described below: 


2,048 or 4,096 to 1.544 MHz: To produce a 
1.544 MHz output clock from a 2.048 MHz or 
4.096 MHz input clock, SEL must be set high. In 
this mode HFO = 6.176 MHz for all. CLADs. 


° 1.544 to 2,048 MHz or 4.096 MHz: To producea © 


2.048 MHz or 4.096 MHz output clock from a 1.544 | 
MHz input clock, SEL must be set low. In this mode 


the LXP600A HFO = 6.144 MHz, and the LXP602 
and LXP604 HFO = 8.192 MHz. 


In both frequency modes, CLKO is frequency locked to 
CLKI. WhenFSlIis applied, CLKO and CLK1 are also phase 
locked with FSO and FSI area as shown in ee 
3 through 7. 


Table 7: Output Jitter eoocticaiions 





ae Jitter on CLKO 
CLKO = 1.544 MHz 
(All CLADs) 


















Output Jitter on CLKO 
CLKO = 2.048 MHz 
(LXP600A and 602 Only) 










i= Sie 


| LXP604 1.544 4.096 8.192 
| 4.096 | 1.544 6.176 


[Parameter [Sym] Frequency [Spec] Tye"] wax [Unto _ Test Condition 
No Bandlimiting | 0.050 | 0.010 | 0.020 | UI pp 
10 Hz to 40 kHz | 0.025] 0.005 | 0.010 | UI pp 


8 kHz to 40 kHz | 0.025 | 0.006 0.012 012 | Ulpp pp | FSI apn 


Tj2 | 20 Hz to 100 kHz | 1.500] 0.025 | 0.035 | UI pp 
18 kHz to 100 kHz| 0.200 | 0.015 0.025 | UI pp 


When FSlis first asserted, the CLKI and CLKO rising edges — 


~ will be aligned within a maximum of 500 ms. 


If FSi is not provided, ae 7 aia be tied 4 high or low. 


CLKO and FSO are still generated with the CLKO fre- _ 
quency locked to CLKI. 


Output Jitter | 


Refer to Table 7. The CLAD output jitter meets the follow- 


ing specifications: | 


° 2,048 MHz or 4,096 MHz to 1.544 MHz; In this mode 
of operation, the CLADs meet the output jitter require- 
ments of AT&T Publication 62411. When there is no 
jitter on input clock CLKI, the maximum jitter on 
CLKO is 0.020 UI pp with no bandlimiting, 0.010 UI pp 
over the range of 10 Hz to 40 kHz, and 0.012 UI pp in 
the 8 - 40 kHz band. 


° 1.544 MHz to 2.048 MHz or 4.096 MHz: In this mode 
of operation, the CLADs meet the output jitter require- 
ments of CCITT Recommendation G.823. When there 
is no jitter on input clock CLKI, the maximum jitter on 
CLKO is 0.035 UI pp over the range of 20 Hz to 
100 kHz, and 0.025 UI pp in the 18 - 100 kHz band. 


Table 6: CLAD Frequency Conversions 











6.144 


LXP600A 1.544 2.048 
2.048 1.544 6.176 


LXP602 1.544 2.048 8.192 
2.048 1.544 6.176 


CLKI = 2.048 or 4.096 MHz 
=0 





CLKI = 1.544 MHz, 
JI=0 
FSI applied 








: Specifications from AT&T Publication 62411 and CCITT Recommendations G.823 (for 1.544 MHz and 2.048 MHz, respectively). 
2 Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing. | 
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Jitter Transfer 


The CLADs are sensitive to jitter on the input clock in certain 
frequency bands. The jitter transfer curve is determined by 
the frequency and amplitude of the inputjitter. Figures 8 and 
9 show nominal jitter transfer measured in nanoseconds. 
These figures graph output jitter (less intrinsic jitter) divided 
by input jitter (0.25 UD). Jitter transfer from a 2.048 MHz 
CLKI to a 1.544 MHz CLKO is shown in Figure 8. In this 


mode, jitter in the critical 8 kHz band is slightly attenuated 
while jitter in the 18 - 70 kHz band is transferred with a small 
net gain. Jitter transfer from a 1.544 MHz CLKI to a2.048 
MHz CLKO is shown in Figure 9. In both modes, with an 
input jitter level of 0.25 UI, jitter transfer is held below a net 
gain of 1.110. 


(Jitter transfer varies with input jitter. Performance in a 
specific application should be verified in the actual circuit.) 


Figure 8: Nominal Jitter Transfer - 2.048 MHz CLKI to 1.544 MHz CLKO (input Jitter = 0.25 Ul) . 


ns 
NET GAIN 4. 


1.150 
1.100 
1.050 
1.000 
0.950 


0.900 


. ns 
NET GAIN 4. 
1.150 


1.100 
1.050 
1.000 

0.950 
0.900 


0.850 


40 kHz 


60 kHz 


JITTER FREQUENCY 





“SCS LEVEL 
(Cc ONE @ 


2-143 





LXP602/604 Low vitter Clock Adapters 





Design Considerations 


Power-up 

Standard CMOS device precautions apply to the CLAD. 

Inputs must be applied either simultaneously with or after 

the power supply VCC. CLAD input signals include CLKI, 
FSI and SEL. | 


The CLAD internal circuitry takes amaximum of 200 msto . 
stabilize. There is an additional delay of 500 ms maximum 


Figure 10: Typical CLAD Application Circuit 
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GND 
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for CLKO to be phase-locked to the incoming clock CLKI 


during frame synchronization FSI. 


Power Supply Decoupling and Filtering 

The CLAD are designed to meet AT&T Publication 62411 
specifications for jitter in the range from 10 Hz to 100 kHz. 
Proper power supply decoupling is critical for meeting these 
specifications. As shown in Figure 10, atypical application 
with a pair of CLADs for backplane frequency conversion, 
a standard 0.1p.F bypass capacitor is recommended. 
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The CLADs are monolithic silicon devices which incorpo- 
rates both analog and digital circuits. CLAD application 
circuit design may require closer attention to power supply 
filtering and bypassing than required for strictly digital 
devices. 


Switching power supplies which operate below 100 kHz 
may produce noise spikes which can affect the analog 
sections of the CLAD. These spikes should be filtered with 
an RC network at the CLAD VCC pin. 


Figure 11: Frame Sync (FSI) Generation Circuit 
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Frame Sync Generation 


A frame sync pulse is required to synchronize the input and 
output clocks. If a frame sync pulse is not provided on the 
backplane, one can be generated from the existing 2.048 
MHz backplane clock. A typical FSI generation circuit is 
shown in Figure 11. 





SYSTEM FRAME 


SYNC OUTPUT 
FSI TO CLAD 


2-145. 





| LXP602/604 Low Jitter Clock Adapters 


NOTES: 


| OLEVEL 
2-146 ee | | | (Cc ONE ® 








LXP610 oo 









selectable frequency conversion between T1 and E1 rates as 
well as 8 additional rates from 1.544 MHz to 8.192 MHz. 


The output clock is frequency locked to the input clock. 
When an input frame sync pulse is provided, the CLAD 
phase locks the input and output clocks together, and locks 
the 8 kHz output frame sync pulse to the input frame sync 
pulse. The frame sync polarity is also pin selectable. 


Five different high frequency output clocks are available for 
applications which require a higher-than-baud rate 
backplane or system clock. The high frequency output 
(HFO) clock varies with the input clock frequency. 


Level One’s patented locking method enables the CLAD to 
perform frequency conversion with no external compo- 
nents, while generating very little jitter on the output clock. 
The conversion is digitally controlled so the output clock is 
as accurate as the input clock. 


The CLAD is an advanced CMOS device. It requires only 
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¢ Translates between 10 different frequencies. 
Generates basic and high frequency output clocks and 
frame sync from an input clock and its frame sync. 


¢ High Frequency Output clock for higher-than-baud rate 
backplane systems 


¢ Low output jitter meets AT&T Publication 62411 for 
1.544 MHz, and CCITT Recommendation G.823 for 
2.048 MHz 


¢ Digital control of frequency conversion process 
¢ No external components 
¢ Pin-selectable operation mode 


¢ Low-power 5V only CMOS in 14-pin plastic DIP 
or 28-pin PLCC 


¢ Internal timing system for Channel Banks, Digital Loop 
Carriers, Multiplexers, Internal Timing Generators, etc. 


¢ Conversion between T1/E1 clock rates and higher 
frequency backplane rates (T1/E1 converter) 


e Special backplane interfaces (e.g. NTI 2.56 MHz) 
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FSO 
N/C 
N/C 
P3 N/C 
FSO HFO | 
14pin  HFO N/C 
DIP N/C N/C 
--CLKI is 
CLKO | | 
P17 eee ee 
| N/C 
CLKO 




















Frame synchronization output at 8 kHz. FSO is synched to CLKO and 
to FSI (if FSI is provided.) Active low unless FSP = 1. 






SE} Etelatel «| sibs 
fe 
Go 
OQ 
rs 
A 
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Program Pin 1 in conjunction with the SEL pin as listed in Table 2. _ 

Program Pin 2 | 
CLKI ice Clock Input Primary rate clock to be converted. 

ae Clock Output Primary rate clock derived from CLKI. 
|22 | FSP | 1 | Frame Sync Polarity Frame Sync Polarity | When high, causes FSI and FSO to be active high pulses. a 
24 FSI Frame Sync Input | Frame synchronization pulse (8 kHz or any subrate multiple). 
Active low when FSP = 0. Active high when FSP = 1. 
Mode Select _ SEL=0 SEL =1 


—s 1: Pin Descriptions _ py 
~ Description 

as 

Program Pin 4 

Frame es Output 

Controls frequency conversion and FSO pulse width in conjunction 
jshrteete Power Supply Input | +5 V power supply input. 
NOTE: The following pins are not connected (NIC): DIP pin 4 and PLCC pins 3, 4, 5, 7, 8, 9, 11, 12, 17, 18, 19, 21, 23, 25 and 26. 
Long (L) 

Short (S) 


Program Pin 3 Program pins control frequency conversion and FSO pulse width 

i: a ; 

16 P2 I 

3 27 P4 I 
High Frequency A high frequency output which can be used to clock external devices. 
Output HFO outputs are determined in accordance with Table 2 
with Program pins 1-4, as listed in Table 2. 
Table 2: Program Pin Functions 
L 
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Table 3: Operating Conditions/Characteristics 


[Parameter | Symbot_| win | Twp | Mex] Unie | TestConatons 
[Sanairwtage Nee | | SOS 

ee 
[Oreinaicaperie | ty [ot -fe[e] 


' Transient currents of up to 100 mA will not cause SCR latch-up. 










Table 4: Digital Characteristics | | 


parameter | Symbol | in| tax | Units 


Input low voltage 









Input high voltage 

Output low voltage (1,, = + 1.6 mA) ) 
Output low voltage (I,, < + 10 HA) 
Output high voltage (I, = - 0.4 mA) 


Output high voltage (I, <- 10 WA) 


<= 


» | - | 08 | 
ee a Ta 
o | 24 | os 
Ee aoe 

Input leakage current aL pA 


Table 5: Timing Values (see Figure 2) 












Parameter 
Capture range on CLKI 


Lock range on CLKI 


| Symbol_ 
oe 
bet 
Input clock duty cycle ee ees 


+10000 


| Min 
meee 
ae 


Rise/fall time on CLKI, FSI 
Rise/fall time on CLKO, FSO, HFO with a 25 pF load 


| Max | units | 
ae ee 
ae ee 
| 40 | os 
p40 | is 


_ Figure 2: Rise and Fall Times 
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Table 6: Timing Values (see Figures 3 through 7) _ 


FSI setup time from CLKI rising 






| Symbol 
| FStpuisewith | twit 
Lied 
Ee 
| FSOdclayfomuro | tar | ts | | 
|__ two a 
TdH on. 











FSO pulse width a ae 
CLKO delay from HFO {ra | is 


‘TCLKIis the period of CLKI. 
2?TCLKO is the period of CLKO. 


Figure 3: Timing Relationships - FSI / CLKI to CLKO / FSO and HFO 
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Figure 4: Output Frame Sync Alignment when HFO = 2 x CLKO » 





Figure 5: Output Frame Sync Alignment when HFO = 3 x CLKO 
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Figure 6: Output Frame Sync Alignment when HFO = 4 x CLKO 
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Figure 7: Output Frame Sync Alignment when HFO = 5 x CLKO 
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Functional Description 


The CLAD converts an input clock (CLK) at a particular 
frequency to an output clock (CLKO) at a different fre- 
quency. It also produces a frame sync output (FSO) and a 
high frequency output clock (HFO). The HFO frequency is 
a multiple (2x, 3x, 4x, or 5x) of CLKO. The specific 
frequencies are determined by the Mode Select (SEL) and 
Program (P1 - P4) inputs. Table 7 lists the CLKO and HFO 
frequencies available with a given input CLKI. (Table 2, 


page 2, lists the same data, keyed to Program Pin settings.) _ 


Figures 4 through.7 show output frame sync alignments. 


Table 7: 





1 544 
1.544 
1.544 


1.544 © 


Er 
2: 088 6. 176° 


2.560 
3.088 
3.088 
3.088 
4.096 
4.096 
6.176 
6.176 


6.176 
6.176 


_ 4: 096 8. 192 


8.192 
8.192 
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CLKO is always frequency-locked to CLKI. When a frame 
sync input (FSI) is supplied, CLKI and CLKO are also phase- 
locked. The CLAD accepts FSI pulses at 8 kHz, or at any 
sub-rate multiple (ie., 1,2 or 4 kHz). The frame sync output 
(FSO) pulse is synchronized to the FSI pulse. 


‘When an 8 kHz FSI is first asserted, the CLKI and CLKO 


rising edges will be aligned within a maximum of 500 ms. 
For other FSI rates, the alignment period is correspondingly 
lengthened. For example, at 4 kHz, the FSI/FSO alignment 
is completed within a maximum of one second. 


Tf an input frame sync pulse is not provided, the FSI pin 


should be tied high or low. CLKO and FSO are still 
generated with the CLKO frequency locked to CLKI. 


Input to Output Frequency Conversion Options 


P4 P3 P2 PI 
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Output Jitter 


Refer to Table 8. The CLAD output jitter meets the follow- 

ing specifications: 
© 2.048 MHz or 4.096 MHz to 1.544 MHz: In this mode 
of operation, the CLAD meets the output jitter require- 
ments of AT&T Publication 62411. When there is no 
jitter on input clock CLKI, the maximum jitter on 
CLKO is 0.020 UI pp with no bandlimiting, 0.010 UI in 
the 10 Hz - 40 kHz band, and 0.012 UI in the 8 - 40 kHz 
band. 


° 1.544 MHz to 2.048 MHz or 4.096 MHz: In this mode 
of operation when there is no jitter on input clock CLKI, 
the maximum jitter on CLKO is 0.035 UI pp over the 
range of 20 Hz to 100 kHz, and 0.025 UP pp in the 18- 
100 kHz band. 


Table 8: Output Jitter Specifications 







Output Jitter on CLKO 
CLKO = 1.544 MHz 











Output Jitter on CLKO 
CLKO = 2.048 MHz 





[Parameter [Sym] _Frequoney [Spec] Twp" wax [unto] Toot Gonatons 
No Bandlimiting | 0.050 | 0.010 ; 0.020 | UI pp 
10 Hz to 40 kHz | 0.025 0.010 | UI pp 


8 kHz to 40 kHz | 0.025 0. 0.01 Ul Ute FSI applied 


Tj2 | 20 Hz to 100 kHz | 1.500} 0.025 | 0.035 | Ul pp 
18 kHz to 100 kHz} 0.200 | 0.015 | 0.025 | Ul pp 


Jitter Transfer 


The CLAD is sensitive to jitter on the input clock in certain 
frequency bands. The jitter transfer curve is determined by 
the frequency and amplitude of the input jitter. Figures 8 and 
9 show nominal jitter transfer measured in nanoseconds. 
These figures graph output jitter (less intrinsic jitter) divided 
by input jitter (0.25 UD). Jitter transfer from a 2.048 MHz 
CLKI to a 1.544 MHz CLKO is shown in Figure 8. In this 
mode, jitter in the critical 8 kHz band is attenuated while 
jitter in the 18 - 70 kHz band is transferred with a small net 
gain. Jitter transfer froma 1.544 MHz CLKI to a2.048 MHz 
CLKO is shown in Figure 9. In both modes, with an input 
jitter level of 0.25 UI, jitter transfer is held below a net gain 
of 1.110. (Jitter transfer varies with the input jitter level. 
Performance in a particular application should be verified in 
the actual circuit.) 


CLKI = 2.048 or 4.096 MHz 
J1=0 











CLKI = 1.544 MHz, 
J1=0 
FSI applied 








i Specifications from AT&T Publication 62411 and CCITT Recommendations G.823 (for 1.544 MHz and 2.048 MHz, respectively). 
< Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing. 
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Figure 8: Nominal Jitter Transfer - 2.048 MHz CLKI to 1.544 MHz CLKO (Input Jitter = 0.25 U)) 
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Figure 9: Nominal Jitter Transfer - 1.544 MHz CLKI to 2.048 MHz CLKO (Input Jitter = 0.25 UI) 
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Application and Design Considerations 
Frame Sync Generation 


A frame sync pulse is required to synchronize the input and 
output clocks. If a frame sync pulse is not provided on the 
backplane, one can be generated from the existing 2.048 
_ MHz backplane clock. A typical FSI generation circuit is 
shown in Figure 10. | 


Power Supply Decoupling and Filtering 


The LXP610 CLAD is designed to meet AT&T Publication 
62411 specifications for jitter in the range from 10 Hz to 
100 kHz. Proper power supply decoupling is critical for 
meeting these specifications. As shown in Figure 11, a 
standard 0.1uF bypass capacitor is recommended. 


The CLAD isa monolithic silicon device whichincorporates | 


both analog and digital circuits. CLAD application circuit 
design may require closer attention to power supply filtering 
and bypassing than required for strictly digital devices. 


Figure 10 Frame Sync (FSI) Generation Circuit. 
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Switching power supplies which operate below 100 kHz 
may produce noise spikes which can affect the analog 
sections of the CLAD. These spikes should be filtered with 
an RC network at the CLAD VCC pin. 


Typical Application 


Figure 11 shows a typical application circuit using a pair of 
LXP610 CLADs to convert between the 2.56 MHz 
backplane frequency and the 1.544 MHz TI rate. The 
CLAD at the top of the figure provides the 1.544 MHz TCLK 
for the T1 framer and transceiver. For conversion from 2.56 
MHz to 1.544 MHz, P1, P2, and P4 are tied low; and P1 and 
SEL are tied high. In this configuration, the LXP610 HFO 
is 7.720 MHz. 


The CLAD at the bottom of Figure 11 produces the 
2.56 MHz backplane clock. For conversion from 
1.544 MHz to 2.56 MHz, P1, P2, P3 and P4 are tied high; and 
SEL is tied low. The HFO produced in this configuration is 
7.680 MHz. 


SYSTEM FRAME 


SYNC OUTPUT 
FS! TO CLAD 
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Figure 11: Typical Application Circuit | 
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LXP2175 
T1/E1 Elastic Store 
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¢ Drop-in replacement for the DS2175 


Interface solutions. It is compatible with LXT30x series 

transceivers, and LXP2180A/2181A framer/formatters. | ° Rate buffer for T1/E1 transmissions 

The LXP2175 is a low-power CMOS elastic-store memory : ae 

optimized for use in primary rate telecommunicationstrans-  ° Syachronizes loop-timed and system-timed T1/E1 data 





bel ie 
mission equipment. strea 


| Ideal for 1.544 to 2.048 MHz rate 
Compatible with North American T1 (1.544 MHz) and Ceara z rate conversion 


European E1 (2.048 MHz) primary rate networks, the device 
serves as a synchronous element between asynchronous data 
streams. The LXP2175 has several flexible operating modes 
which eliminate support logic and hardware otherwise re- 
quired to interconnect parallel or serial TDM backplanes. 


Supports parallel and serial backplanes 


Easily monitored two-frame buffer depth 


Comprehensive on-chip slip control logic 





cere 
C5C5¢) 


Slips occur only on frame boundaries 


‘ 
505 
revete, 


° Digital Trunks 


e 


Outputs report slip occurrences and direction 


¢ — Drop and Insert Equipment ¢ Align feature allows buffer to be recentered at any time 


* Digital Cross-connects (DACS) 


Available in 16-pin DIP and SOP 
° Private Network Equipment 


Compatible with Level One LXP2180A and 
° PABX-to-computer interfaces such as DMI and CPI. LXP2181A framer/formatters 
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RCLKSEL © 1 VDD 
RCLK C2 SYSCLK 
RSER (3  SSER 

RMSYNC CJ 4 SMSYNC 

FsD C15 SFSYNC 
SLIP C1 6 SCHCLK 
ALN C17 S/P 

vss (18 SCLKSEL 





Pin Descriptions | 


RCLKSEL ¢ Receive Clock | Tie to VSS for 1.544 MHz applications, to VDD for 2.048 MHz. 
| , Select | 


RCLK Ea Receive Clock | Primary 1.544 MHz or 2.048 MHz data clock. | 


3 | RSER Receive Serial | Sampled on falling edge of RCLK. | 
Data 


Receive Multi- Rising edge establishes receive side frame and multiframe boundaries. 
frame Sync / 


Frame Slip 


Direction 
Active low, open collector output. Held low for 65 SYSCLK cycles when 


Frame Slip 
a slip occurs. 


Recenters buffer on next system side frame boundary when forced low. 
Signal Ground 0.0 volt ground return. 


Tie to VSS for 1.544 MHz applications, to VDD for 2.048 MHz. 









4 | RMSYNC 













State indicates direction of last slip; latched on slip occurrence. 


SL 


ee 


AL 


VS 






SCLKSEL System Clock 


Select 





— 
i=) 


Nn "Ti 


Serial Parallel Tie to VSS for parallel backplane applications, to VDD for serial. | 
Select — | | 


System Channel Transitions high on channel boundaries; useful for serial to parallel 


11 | SCHCLK 


Clock conversion of channel data. 


System Frame | Rising edge establishes system side frame boundaries. | | 
Sync | | 3 


System Multi- _ Slip-compensated multiframe output. Used with RMSYNC to monitor ' 
frame Sync depth of store in real time. | 


System Serial Updated on rising edge of SYSCLK. | 
Data | | | | 
System Clock | 1.544 or 2.048 MHz data clock. | | 
Positive Supply | 45 Volt power supply input. | : 





12 | SFSYNC 





13 | SMSYNC 


14 SSER 


15 | SYSCLK 


16 


a 
oO 
, 


| | | SLEVEL 
| | (ee oNe ® 


Dy) 
_ 
on 
ee) 


PCM Buffer 


The LXP2175 utilizes a two-frame buffer to synchronize 
incoming PCM data to the system backplane clock. Buffer 
depth is mode dependent: 2.048 MHz to 2.048 MHz appli- 
cations use 64 bytes of buffer memory; all other modes are 
supported by 48 bytes. The buffer samples data at RSER on 
the falling edge of RCLK. Output data appears at SSER and 
is updated on the rising edge of SYSCLK. The buffer depth 
is constantly monitored by on-board contention logic. A 
"slip" occurs when the buffer is completely emptied or filled. 
Slips automatically recenter the buffer to a one-frame depth 
and always occur on frame boundaries. 


Data Format 
Data is presented to, and output from, the elastic store in a 


"framed" format. A rising edge at RMSYNC establishes 
receive side frame boundaries (see Figures 2 and 3). A rising 


edge at SFSYNC establishes system side multiframe | 


boundaries (see Figures 4 and 5). North American (T1) 
frames contain 24 data channels of 8 bits each and an F-bit 
(193 bits total). European (E1) frames contain 32 data 
channels (256 bits). The frame rate of bothsystems is 8 KHz. 
RMSYNC and SFSYNC do not require a pulse at every 
frame boundary. If desired, they may be pulsed once to 
establish frame alignment. Internal counters will then main- 
tain the frame alignment and may be reinforced by the next 
rising edge at RMSYNC and/or SFSYNC. 


Slip Correction Capability 


The two-frame buffer depth is adequate for T1 and El 
applications where short-term jitter synchronization, rather 
than correction of significant frequency differences, is re- 
quired. The LXP2175 provides a balance between total 
delay (less than 250 ms at its full depth) and slip correction 
capability. | | 


Buffer Recentering 


Many applications require that the buffer be recentered 


during system power-up and/or initialization. Forcing ALN © 


low recenters the buffer on the next rising edge of SFSYNC. 


A slip will occur during this recentering if the buffer depth 
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is adjusted. Ifthe depth is presently optimum, no adjustment 
(slip) occurs. 


Slip Reporting 


SLIP is held low for 65 SYSCLK cycles when a slip occurs. 
SLIP is an active-low, open-collector output. FSD indicates 
slip direction. When low (buffer empty), a frame of data was 
repeated at SSER during the previous slip. When high 
(buffer full), a frame of data was deleted. FSD is updated at 
every slip occurrence. 


Buffer Depth Monitoring 


SMSYNC is a system side output pulse which indicates 
system side multiframe boundaries. The distance between 
rising edges at RMSYNC and SMSYNC indicates the cur- 
rent buffer depth. Slip direction and/or an impending slip 
condition may be determined by monitoring RMSYNC and 
SMSYNC real time. SMSYNC is held high for 65 SYSCLK 
cycles. 


_ Clock Select 


Receive and system side clock frequencies are independ- 
ently selectable by inputs RCLKSEL and SCLKSEL. 1.544 
MHz is selected when RCLKSEL (SCLKSEL)=0; and 
2.048 MHz is selected when RCLKSEL (SCLKSEL)= 1. In 
1.544 MHz (receive) to 1.544 MHz (system) applications, 
the F-bit is passed through the receive buffer and presented 
at SSER immediately after arising edge on SESYNC. The F- 
bit is forced to 1 in 2.048 MHz to 1.544 MHz applications. 
No F-bit position exists in 2.048 MHz system side applica- 
tions. 


Parallel Compatibility 


The LXP2175 is compatible with parallel and serial 
backplanes. In serial applications (S/P = 1), channel 1 data 
appears at SSER after a rising edge at SFSYNC. In parallel 
applications (S/P = 0), the device utilizes a look-ahead cir- 
cuit. Datais output 8 clocks earlier as shown in Figures 4 and 
5, allowing a user to parallel convert data externally, using 
an HC595 shift register. 
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Figure 2: Receive Side Timing (RCLK = 1.544 MHz) 
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Figure 3: Receive Side Timing (RCLK = 2.048 MHz) 





RCLK 


RMSYNC | q\ 7 | | 





! All channel data is passed through the elastic store in 2.048 MHz system side ee (SCLKSEL = 1); Data in channels >24isignoredin 1.544 | 


MHz system side applications (SCLKSEL = 0). 


Figure 4: System Multiframe Boundary Timing (SYSCLK = 1.544 MHz) 


SYSCLK L | 
SFSYNC | \ | 
smsync-———s—“‘“‘<‘iéi‘iéilisfOOC~;~;~;~;™O 
SCHCLK | | = | - | | 


SSER 
(S/P = 1) 
Note 1 


- SSER 
(S/P = 0) 
Note.1 | 





1 In 1.544 MHz receive side applications (RCLKSEL = 0), the F-bit position contains F-bit data extracted from the data stream at RSER. The F-bit 


_ position is forced to "1" in 2.048 MHz receive side appneanons (RCLKSEL = 1). 
Proyne LEVEL 
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Figure 5: System Multiframe Boundary Timing (SYSCLK = 2.048 MHz) 


SYSCLK 


SFSYNC | \ 
SMSYNC | : 
SCHCLK | | | | | 


SSER 
(S/P = 1) 
Note 1 


SSER 
(S/P = 0) 
Note 1 


1 All channel data is passed through the elastic store in 2. 048 MHz system side applications (SCLKSEL = 1); Data i in channels > 24 is ignored in 1.544 
MHz system side applications (SCLKSEL = 0). 





Absolute Maximum Ratings” e Voltage on any pin relative to ground -1.0V to+ 7V 

* Exceeding ioe she may oa * Operating temperature (2175SC and NC) 0 °C (min) to 70 °C (max) 
permanent damage. Functional operation ‘. : ‘ 
under these conditions is not implied. (2175SE and NE) -40 °C (an) to 85 °C (max) 
Exposure to absolute maximum rating ' ¢ Storage temperature -55 °C (min) to 125 °C (max) 
conditions for extended periods may * Soldering temperature } 260 °C for 10 seconds 


affect device reliability. 


Recommended Operating Conditions (Voltages are with respect to ground (VSS) unless otherwise stated) 


[Parameter | Sym | win | wei Max [Unie 
feast | we | a | 
a 
[semen [vm | TST ST 


DC Electrical Characteristics -Clocked operation over recommended temperature and power supply ranges 


[emer Tom [on [| wt [ol Tenet 

ee cs 

Supply curent | sy | | 

rewire at pe 

Outputhigh current | sy | “10 | - | 
of 


ap 


1 Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
2 SYSCLK = RCLK = 1.544 MHz 

3 Outputs Open 

4 All outputs except SLIP, which is open collector. 

> All outputs. 


@LEVEL | | | 
(c ONE @ | | 2-161 




















LXP2175 T1/E1 Elastic Store 


A.C. Electrical Characteristics 





Parameter 





RCLK Period Goes 200 


RCLK, SYSCLK Rise and Fall 






sw 
“f 
tY 
=) 


RCLK Pulse Width 100 

SYSCLK Pulse Width 

SYSCLK Period 200 

RMSYNC Setup to RCLK Rising Ses a ee 


Hwy 2 


oo 
77] 
QO 


SFSYNC Setup to SYSCLK Rising _ “town 9 


RMSYNC, SFSYNC, ALN Pulse Width 100 


z 


s* 
er 
nl wm 
on) 
~ ~ 
oN WN 


_RSER Setup to RCLK Falling 
RSER Hold from RCLK Falling 


as 
© 


= 
o 


Propagation Delay SYSCLK to SSER, 
or RCLK to RSER 


ot 


Propagation Delay SYSCLK to SMSYNC High tes 


na 


Propagation Delay SYSCLK or RCLK to 100 


SLIP Low, FSD low/high 


ALN Setup to SFSYNC Rising : 


ele ; 


Cas 
WM 
© 
© 


n 
nw 
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Figure 6: Receive A.C. Timing Diagram 
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Notes: 


| SLEVEL 
(c ONE @ 


2-164 





Standard Product 
August 1992 


LXP2176 
T1 Receive Buffer 





solutions and is compatible with the LXT300/301 Trans- 
ceiver, the LXP2180A Framer/Formatter, and the LXP600/ * Synchronizes loop-timed and system timed Tl data streams 
601 Clock Rate Adapter. The LXP2176 is a low-power | 
CMOS device specifically designed for synchronizing re- 
ceive side loop-timed T-carrier data streams with system , Output indicates when slip occurs 

side timing. The device has several flexible operating 
modes which simplify interfacing incoming datato parallel + Buffer may be recentered externally 

and serial TDM backplanes. The device extracts, buffers 

and integrates ABCD signaling; signaling updates are pro- ° Ideal for 1.544 to 2.048 MHz rate conversion 
hibited during alarm or slip conditions. The buffer replaces 
extensive hardware in existing applications with one inte- 
grated chip. The LXP2176 is a fully pin-compatible drop- 
in replacement for the DS2176. 7 


¢ Two-frame buffer depth; slips occur on frame boundaries 





¢ Interfaces to parallel or serial backplanes 
¢ Extracts and buffers robbed-bit signaling 


¢ Inhibits signaling updates during alarm or slip conditions 





, Digital Trunks ¢ Integration feature "debounces" signaling 
: Drop and Insert Equipment | ¢ Slip-compensated output indicates when signaling updates 
° Transcoders occur | 


° Digital Cross-connects (DACS) 
° Private Network Equipment : 
° PABX-to-computer interfaces such as DMI and CPI. ¢ Choice of 24-pin DIP or 28-pin PLCC (surface mount) 


¢ Compatible with LXP2180A T1 framer/formatter 





SSER 
SYSCLK 
SFSYNC 
SBIT8 — 
s/P 


SMSYNC 
SCHCLK 
SCLKSEL 





PCM 
BUFFER 





FMS 
SIGNALING SIGFRZ 


SIGH 
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24-PinDIP | 28-Pin PLCC 


SIGH VDD 2 wx 
RMSYNC SCLKSEL , TM aezaA SS 
RCLK SYSCLK | ee 2 Oo 8 
RSER SSER = 
A SLIP 
B SBIT8- 
Cc SMSYNC 
D SIGFRZ 
~ SCHCLK SFSYNC 
SMO ALN 
— SM1 FMS 
vss SIP 





Pin Descriptions 


O 
Sxrnanes 
S20 s — 
HHS EK? 

Le 

” 








Description 








When low, ABCD signaling updates are disabled for a period 
determined by SMO and SM1, or until returned high. 






Signaling Inhibit 





Must be pulsed high at multiframe boundaries to establish frame 
and multiframe alignment. 


Receive Clock Cpaiiary 1.544 MHz si6ck. 
Receive Serial sar ic on falling save of RCLK. | 
Data 


RBS Outputs 


| RMSYNC Receive Multi- 
Z frame Sync 


RCLK 
















- Robbed- Bit Si gnaling Outputs 





Transitions high on channel boundaries; useful for serial-to- 
parallel conversion of channel data. 





System Channel 
Clock 


Signaling Modes 
0 and 1 


Signal Ground Signal Ground. 0.0 volts. | e 


Serial Parallel Tie to VSS for parallel backplane applications, to VDD for serial. 
‘Select | 


Frame Mode | Tie to VSS to select 193S (D4) framing, | 
Select to VDD for 193E (extended). 
Align Recenters buffer on next system side frame boundary when forced 
low. | _ 
System Frame Rising edge establishes start of frame. | 
Sync | ? | 


"6 @LEVEL 
(eon: 


Select signaling supervision technique. 






— 


pa| a] =| sl/sfes| elese4] ale] 
| |Zz 
| a) | 
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Pin Descriptions continued 









No N N N — _ 
a ww NO on) \O ioe) 
hQO 


Description 






PLCC 


af SIGFRZ 
SMSYNC 
SBITS 
SSER 
SYSCLK 


SCLKSEL 















Signaling 
Freeze 


When high, indicates signaling updates have been disabled internally 
via a slip or externally by forcing SIGH low. 










System Multi- Slip-compensated multiframe output; indicates when ee up- | 
frame Sync dates are made. 


System Bit 8 High during the LSB time of each tesa 


Used to reinsert extracted signaling into outgoing data stream. 


Frame Slip Active low, open collector output. Held low for 64 SCLK cycles 
when a slip occurs. 


System Serial Updated on rising edge of SYSCLK. 
Output 
System Clock 1.544 or 2.048 MHz data clock. 


System Clock Tie to VSS for 1.544 MHz applications, to VDD for 2.048 MHz. 
Select 
Positive Supply | +5 Volt power supply input. | 


i 





Figure 2: Receive Side Timing 


RCLK 


RMSYNC | : | \ | 


Channel 24 
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OVERVIEW 
The LXP2176 performs two primary functions: 
1) Synchronization of received Ti PCM data (looped 
timed) to host backplane frequencies 


2) Supervision of robbed-bit signalling data embed- 
ded in the data stream. 


_ The buffer, while optimized for use with the LXP2180A T1 
Framer/formatter, is also compatible with other framers and 
transceivers. The LXP2180A data sheet should serve as a 
valuable reference when designing with the LXP2176. 


DATA SYNCHRONIZATION _ 
PCM Buffer 


The LXP2176 utilizes a two-frame buffer (386 bits) to 
synchronize incoming PCM data to the system backplane 
clock. The buffer samples data at RSER on the falling edge 
of RCLK. Output data appears at SSER and is updated on the 
rising edge of SYSCLK. A rising edge at RMSYNC estab- 
lishes receive side frame and multiframe alignment as 
shown in Figure 2. A rising edge at SFSYNC establishes 
system side frame alignment. The buffer depth is constantly 


monitored by on-board contention logic, a "slip" occurs | 


when the buffer is completely emptied or filled. Slips auto- 
matically recenter the buffer to a one-frame depth and 
always occur on frame boundaries. 


Slip Correction Capability 


The two-frame buffer depth is adequate for most T-carrier 
applications where short-term jitter synchronization, rather 
than correction of significant frequency differences, is re- 
quired. The LXP2176 provides a balance between total 
delay and slip correction capability. 


Buffer Recentering 


SLIP is held low for 65 SYSCLK cycles when a slip occurs. 
SLIP is an active-low, open-collector output. 


Buffer Depth Monitoring 


SMSYNC is a system side output pulse which indicates 
system side multiframe boundaries. The distance between 
rising edges at RMSYNC and SMSYNC indicates the cur- 
rent buffer depth. Slip direction and/or an impending slip 
condition may be determined by monitoring RMSYNC and 
SMSYNC in real time. SMSYNC is held high for 65 
SYSCLK cycles. | 


Clock Select 


The LXP2176 is compatible with two common backplane 
frequencies: 1.544 MHz, selected when SCLKSEL=0; and | 
2.048 MHz, selected when SCLKSEL= 1. In 1.544 MHz 


Figure 3: System Multiframe Boundary Timing (SYSCLK = 1.544 MHz) 













SYSCLK 
SFSYNC 


SMSYNC 
‘SCHCLK 
SBIT8 


SSER 
(S/P = 1) 
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applications the F-bit is passed through the receive buffer In 2.048 MHz applications (SCLKSEL=1), the PCM buffer 
and presented at SSER immediately after arising edge on —_ control logic establishes slip criteria different from that used 
SFSYNC. The F-bit is dropped in 2.048 MHz applications in 1.544 MHz applications to compensate for the faster 
and the MSB of channel 1 appears at SSER one bit period — system-side read frequency. , 
after a rising edge at SFSYNC. SSER is forced to 1 in all 

channels greater than 24. See Figures 3 and 4. 


Figure 4: System Multiframe Boundary Timing (SYSCLK = 2.048 MHz) 










syseck J LIL LU UU UU UU UU UU UU UU 
SFSYNC a 
smsync fe 
SCHCLK J LLL 
aah Forced to 1 in Channels 25 thru 32 wsX X X WX KX X XS 
|~+#_———Channel (a 


SSER Ws X XM XXAMMK XM XXMXXANMY 
(S/P = 0) pean aa oir ecaiaienciataenaa <e, DSM RSSanY 9. oP 2» 


A, B, C,D Forced to 1 in Channels 25 thru 32 Xs Channel?1 1 


Figure 5: 193S System Multiframe Timing 
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Figure 6: 193E System Multiframe Timing 
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Parallel Compatibility 


~The LXP2176 is compatible with parallel and serial 
backplanes. Channel 1 data appears at SSER after a rising 
edge at SFSYNC as shown in Figures 3 and 4 (serial 
applications, S/P = 1). The device utilizes a look-ahead 
circuit in parallel applications (S/P = 0). Data is output 8 
clocks earlier, allowing a user to parallel convert data 
externally. 


~ SIGNALING SUPERVISION 
Extraction 


In digital channel banks, robbed bit signaling data is inserted 
into the LSB of each channel during signaling frames. . In 
193S framing (FMS = 0) applications, A signaling data is 
inserted into frame 6 and B signaling data is inserted into 
frame 12. 193E framing (FMS = 1) includes two additional 
signaling bits: C signaling data is inserted into frame 18 and 
D signaling data is inserted into frame 24. This embedded 


Table 2: Signaling Supervision Modes 














| smo | smi | FMs | SelectedMode 


193S framing, no integration, 1 multiframe freeze. 

193E framing, no integration, 1 multiframe freeze. 

193S framing, 2 multiframes integration and freeze. 

193E framing, 2 multiframes integration and freeze. 

193S framing, 5 multiframes integration, 2 multiframes freeze. 
193E framing, 3 multiframes integration, 2 multiframes freeze. 


0 0 0 

0 0 1 

0 1 0 

0 1 ae 

1 0 0! 

1 0 1! 

1 1 0 Test mode. 
1 1 1 Test mode. 


signaling data is synchronized to system side timing (via the 
PCM buffer) before being extracted and presented at outputs 
A, B, C, and D. Outputs A, B, C and D are valid for each 
individual channel time and are repeated per channel for all 
frames of the multiframe. In 193S applications, outputs C 
and D contain the previous multiframe's A and B data. 
Signaling updates occur once per multiframe, at the rising 
edge of SMSYNC unless prohibited by a freeze. 


Freeze 


The signaling buffer allows the LXP2176 to "freeze" (pre- 
vent update of) signaling information during alarm or slip 
conditions. A slip condition or forcing SIGH low freezes. 
signaling; duration of the freeze is dependent on SMO and 
SM1. Updates will be unconditionally prohibited when 
SIGH is held low. During freezing conditions "old" data is 
recirculated in the output registers and appears at A,B,C and 
D. SIGFRZ is held high during the freeze condition, and 
returns low on the next signaling update. Input to output 
delay of signaling data is equal to one multiframe (the depth | 





’ During slip or alarm conditions, integration is limited to 2 multiframes to minimize signaling delay. 


Figure 7: Slip and Signaling Supervision Logic Timing 


SMSYNC 
SLIP 


SIGH 


ALN 


SIGFRZ | | _ | | | | | 


(Notes 1 & 2) 





* Integration feature disabled (SMO = SMI = 0) in timing shown. 
2 Depending on present buffer depth, forcing ALN low may or may not cause a slip condition, 
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of the signaling buffer) + the current depth of the PCM buffer 
(1 frame + approximately 1 frame). 


Integration 


Signaling integration is another feature of the LXP2176. 
When selected, it minimizes the impact of random noise hits 
on the span and resultant robbed-bit signaling corruption. 
Integration requires that per-channel signaling data be in the 
same state for two or more multiframes before appearing at 
A, B, C, and D. SMO and SM1 are used to select the degree 
of integration or to bypass the feature totally. Integration is 
limited to two multiframes during slip or alarm conditions to 
minimize update delay. 


Clear Channel Considerations 


The LXP2176 does not merge the "processed" signaling 
information with outgoing PCM data at SSER. This assures 
integrity of data in clear channel applications. SBIT8 
indicates the LSB position of eachchannel. When combined 
with off-chip support logic, it allows the user to selectively 
insert robbed-bit signaling data into the outgoing data 
stream. 


LXP21 76/LXP21 80A System Application 


Figure 8 shows how the LXP2180A T1 Framer/Formatter 
and the LXP2176 Receive Buffer interconnect in a typical 
application. 


Figure 8: Serial 1.544 MHz Backplane Interface Application 


ae TPOS TSIGSEL -: 


TSIGFR 
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TABCD 

TSER 
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RLINK RFER 
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Absolute Maximum Ratings* 


* Exceeding these values may * Voltage on any pin relative to ground -1.0V to+7V 


cause permanent damage. * Operating temperature -40 °C (min) to 85 °C (max) 

Faneuone Ope anon unde ¢ Storage temperature ) -55 °C (min) to 125 °C (max) 
_. these conditions is not. : 

implied. Exposure to ¢ Soldering temperature | 260 °C for 10 seconds 


absolute maximum rating 
conditions for extended 
periods may affect device 
reliability. 


Recommended Operating Conditions (Vottages are with respect to ground (GND) unless otherwise stated) 


[vei | wax [Units| Test Conditions 
P20 | = [a 
= [+08 
ae 











< 
2 


Sim 
a = 


+ 
—) 
E 


Supply voltage : 


Capacitance 


Input capacitance Ge Pe 5 
Output capacitance Ce. fd | | 
DC Electrical Characteristics -Clocked operation over recommended temperature and power supply ranges 

Supply current : p= | 10 mA 


1 Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
2 TCLK = RCLK = 1.544 MHz 

3 Outputs Open — 

* All outputs except SLIP, which is open collector. 

5 Alloutputs. | 

§ Applies to SLIP when tristated. 


jae 
NM 
Wr 
WN 
in 


Input leakage — 


+ 
pod 
EE 


Output high current 





BE 
> 


Output low current 


Output leakage 
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A.C. Electrical Characteristics 


| Parameter | Sym | Min Typt 
t, te 













RCLK Peviod 250 
RCLK, SYSCLK Rise and Fall Le 


RCLK Pulse Width = 





100 | 244 
SYSCLK Period 200 | 488 ae 


RMSYNC Setup to RCLK Rising “hwy 
SFSYNC Setup to SYSCLK Rising “town 


RMSYNC, SFSYNC, SIGH, ALN 





SYSCLK Pulse Width | 


















Pulse Width 


RSER Setup to RCLK Falling 
| RSER Hold from RCLK Falling | 
VD 


Propagation Delay SYSCLK to SSER, t, 
A, B,C, D 


Propagation Delay SYSCLK to boss 







SMSYNC High 








Propagation Delay SYSCLK or RCLK 
to SLIP Low 


Propagation Delay SYSCLK to | 
SIGFRZ Low/High | 
ALN, SIGH Setup to SFSYNC Rising Le 500 


' Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
2 TCLK = RCLK = 1.544 MHz 

3 Outputs Open 

4 All outputs except SLIP, which is open collector. 

5 All outputs. 

6 Applies to SLIP when tristated. 
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Figure 9: Receive A.C. Timing Diagram 
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LXP2180A | 
Tl ESF Framer/Formatter 


6 
fosotevere 
esececees 


The LXP2180A is one 
solutions. Itis compatible with the LXT300 series transceiv- ; 

ers and LXP600 series clock adapters. The device interfaces  * Single chip DS1 rate framer/formatter 
to the DS1 1.544 Mbps digital trunk. A pincompatible drop-  —, 
in replacement for the Dallas DS2180A, the LXP2180A 
provides all formatting necessary for transmission on the T1 

link. It supports both 193S and 193E superframe standards 

and provides clear channel capability through appropriate ay aff suppression modes 
zero suppression and signaling modes. : Baz7S me 





Supports common framing standards 
- 12 frames/superframe "193S" 
- 24 frames/superframe "193E" 





The transmit framer/formatter circuits generate appropriate - Transparent 


framing bits, insert robbed bit signaling, supervise zero ¢ Simple serial interface for configuration, control and 
suppression, generate alarms and provide output clocks for status monitoring in Host mode 

data conditioning and decoding. The receive and synchro- 
nizer Circuits establish frame and multiframe boundaries, 
extract signaling data and report alarms and signaling for- 
mats. Control functions allow both stand-alone Hardware = * Compatible with LXT300 series transceivers 
mode operation and Host mode operation for use with a 
microprocessor/microcontroller. 


The LXP2180A is a monolithic CMOS device which re- * Allows mix of 'clear! and "non-clear" DSO channels on 
quires only a single +5V power supply. 


e Hardware mode for stand-alone applications requires no 
host processor 


¢ Selectable 0, 2, 4, 16 state robbed bit signaling modes 


S 
5 


ocx 
OCI 


e Alarm generation and detection 








058588, 


DSI/ESF digital trunk interfaces 
¢ Computer to PBX interfaces (DMI and CPI) 
High speed computer to computer data links 
Digital cross-connect interface — 


¢ Receive error detection and counting for transmission 
performance monitoring 


¢ +5V supply, low-power CMOS technology 
¢ Available in 40-pin plastic DIP and 44-pin PLCC 





TMSYNC TSIGSEL 
TFSYNC TWO 
TCLK TCHCLK 
TLCLK TSIGFR 
TLINK DATA TPOS 
SELECTOR TNEG 
TSER 
TABCD 
INT 
SDO 
SDI 
Gs SERIAL RLOS 
' SCLK CONTROL RCL 
SPS INTERFACE RBV 
RYEL RPOS 
RNEG 
RCLK 
RSER 
RABCD 
" RLINK CRC 
GENERATOR eee 
RCLK 
Be Gcek RECEIVE SYNCHRONIZER RFER 
RCHCLK TIMING 
RMSYNC 


RFSYNC 


SLEVEL 
(c ONE © 
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44-Pin PLCC 


TMSYNC VDD 5 
TFSYNC RLOS mason 
| TCLK RFER SQIWMOO 
TCHCLK RBV pe 
TSER RCL : 
TMO RNEG TSER o 
TSIGSEL RPOS TMO 
TSIGFR RST TSIGSEL 
TABCD TEST TSIGER [| 
TLINK RSIGSEL TABCD 
TLCLK RSIGFR TLINK 
TPOS RABCD TLCLK 
TNEG RMSYNC TPOS 
INT RFSYNC TNEG 
SDI RSER INT 
SDO RCHCLK SDI 
cS RCLK ~ 
SCLK RLCLK 
SPS RLINK 
VSS RYEL 





ai 1: Transmit Pin Descriptions 


Sym I/O Description 
oe 
_ TMSYNC Transmit Multi-— Transmit Multiframe Sync may be pulsed high at multiframe 
frame Sync boundaries to reinforce multiframe alignment, or tied low, which 
allows internal multiframe counter to free run. | 
TFSYNC Transmit Frame | Transmit Frame Sync. Rising edge identifies frame boundary. May 
Sync Channel B2 | be pulsed every frame to reinforce internal frame counter, or tied low 
: | to allow TMSYNC to establish frame/multiframe alignment. 
rr TCLK a Transmit Clock | 1.544 MHz primary Feloce: 
TCHCLK Transmit Channel 192 kHz clock which identifies time slot (channel) boundaries. 
Useful for parallel to serial conversion of channel data. 
= TSER Chae ae NRZ data input, one on falling edge of TCLK. 
TMO Transmit Multi- | Output of internal multiframe counter, indicates multiframe bounda- 
frame Out ries. 50% duty cycle. 
TSIGSEL Transmit Signal- | In 193E framing mode, this output is a 0.667 kHz clock which 
ing Select identifies anes frames A and C. In 193S framing, it's a 1.33 kHz 
: Clock. | | 
10 | TSIGFR Transmit Signal- | High during signaling frames, low otherwise. | 
ing Frame | | _— 
11 | TABCD Transmit ABCD | When enabled via TCR.4, sampled during channel LSB time in» 
Signaling sou frames on alias edge of TCLK, 
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Table 1: Transmit Pin Descriptions continued 


Description 


Transmit Data {| Sampled during F-bit time (falling edge of TCLK) of odd frames 
Link for insertion into the outgoing data stream (193E-FDL insertion). 
Sampled during the F-bit time of even frames for insertion into the 
outgoing data (193S-External S-Bit insertion). 


Transmit Link | Transmit Link Clock is a 4 kHz demand clock for TLINK input. 
Clock 


Transmit Bipolar Data Outputs. Updated on rising edge of TCLK. 
Positive and | 
Negative Data 


Receive Alarm | In Host mode, an active low, open drain output which flags the host 
Interrupt controller during alarm conditions. 


Serial Data Serial port input data for on-board registers. Sampled on rising | 
Input edge of SCLK (Host mode). 
Serial Data Serial output of control and status information from on-board 
registers. Updated on falling edge of SCLK, tri-stated during serial 
port write or when CS is high (Host mode). te 


Serial Port Tie to VDD to select serial port (Host mode). Tie to VSS to select 
Select the Hardware mode. | 





1. Multifunction pins; see Hardware mode description. 


Table 3: Power and Test Pin Descriptions 


| vss | - Signal Ground | 0.0 V signal ground. | 


)36| Test | 1) TestMode Tie to VSS for normal operation. 
P= Positive Supply | +5V power supply input. 
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Table A: Receive Pin Descriptions 


fated om ef ee [ee 


frames (193E) and held until next update. Updated with extracted 
S-bit data one RCLK before start of even frames (193S) and held 
until next update. 


RLCLK ax ]o) maa “4 kHz demand clock for RLINK. 
Clock 





ROK 
RSER 
7 


Receive Clock | 1.544 MHz pomaty clock. 


Receive Channel | 192 kHz clock, identifies time slot (channel) boundaries. | 
Clock 
Receive Serial {| Received NRZ serial data, updated on rising edge of RCLK. 
Data . ae 


Extracted 8 kHz clock, one RCLK wide, indicates F-bit position 


me 
Q- 
ae 
Q 
= 
- 









2 
o 


Receive Frame 


Sync in each frame. 
32 | RMSYNC _ Receive Multi- | Extracted multiframe sync; edge indicates start of multiframe. 
frame Sync 50% duty cycle. 

















Receive ABCD | Extracted signaling data output, valid for each shane time in 
Signaling signaling frames. In non-signaling frames, RABCD outputs the ~ 
LSB of each channel word. 7 


F RABCD 
RSIGSEL 


be 
2 
Q 
fe 





Receive Signaling 
Frame 


High during signaling frames, low during re-sync and non- 
signaling frames. 


Receive Signaling | In 193E framing a .667 kHz clock which identifies signaling 
Select frames A and C. A 1.33 kHz clock in 193S framing. 


Receive Positive 
and Negative 
Inputs 


High-low transition clears all internal registers and resets receive | 
side counters. High-low-high transition initiates a receive resync. 







Receive Bipolar Data Inputs are sampled on the falling edge of 
RCLK. Tie together to receive NRZ data and disable bipolar 
violation monitoring circuitry. | 






Receive Carrier Loss goes high if 32 consecutive "O's" appear at 
RPOS and RNEG. Goes low after next "1." 


Re eceive Bipolar | Receive Bipolar Violation goes high during accused bit tie at 
Violation RSER if bipolar violation detected, low otherwise. 


Receive Frame Error. High during F-bit time when FT or FS 
errors occur (193S) or when FPS or CRC errors occur (193E). 


Low during resync. | 
39 43 RLOS Receive Loss of | RLOS indicates sync status. Goes high when internal resync is in 
Syne progress, low otherwise. 
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Table 5: Register Summary 


Description / Function 


Receive Status Register. Reports all receive alarm conditions. 


Receive Interrupt Mask Register. Allows masking of individual alarm 
generated interrupts. 


Bipolar Violation Count Register. An 8-bit presetable counter which 
records individual bipolar violations. 


ECR 0011 Error Count Register. Two independent 4-bit counters which record 
OOF occurrences, and individual frame bit or CRC errors. 


T/R Common Control Register. Selects device operating characteristics 
common to receive and transmit sides. 










Receive Control Register. Programs device operating characteristics 
unique to the receive side. 


0110 | Transmit Control Register. Selects additional transmit side modes. 


Transmit Idle Registers. Designate which outgoing channels are to be 
substituted with idle code. 







Transmit Transparent Registers. Designate which outgoing channels 
are to be treated transparently. (No robbed bit signaling or bit 7 zero 
insertion.) 






Receive Mark Registers. Designate which incoming channels are to be 
replaced with idle or digital milliwatt codes (under control of RCR). 


Notes 


1 Transmit or Receive side register. 
2 RSR is aread-only register. All other registers are read/write. | 
3 Reserved bit locations in control registers should be programmed to 0 to maintain compatibility with future transceiver products. 


Operating Modes a Host Mode 


In the Host mode, pins 14 through 18 comprise a micropro- Serial Port Interface 

cessor/microcontroller compatible serial port which can be 

used for device configuration, control and status monitoring. — Pins 14 through 18 of the LXP2180A serve as a micropro- 
cessor/microcontroller compatible serial port. Sixteen on- | 

In the Hardware mode no offboard processor is required. _ board registers allow the user to update operational charac- 

Pins 14 through 18 are re-configured into "Hardwired" teristics and monitor device status via a host controller, 

select pins. Features such as selective "clear" DSO channels, —s minimizing hardware interfaces. Port read/write timing is 

insertion of idle code and alteration of sync algorithm are —_ unrelated to the system transmit and receive timing, allow- 

unavailable in the Hardware mode. — ing asynchronous reads and/or writes by the host. 
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Address/Command Byte 


Reading or writing the control, configuration or status reg- 
isters requires writing one address/command byte (ACB) 
prior to transferring register data. As shown in Figure 2, the 
first bit written (LSB) of the address/command word speci- 
fies register read or write. The following 4-bit nibble 
identifies the register address. The next two bits are reserved 
and must be set to zero for proper operation. The last bit of 
the address/command word enables burst mode when set; 
the burst mode causes all registers to be consecutively 
written or read. Data is written to and read from the 
transceiver LSB first. 


Chip Select and Clock Control 


All data transfers are initiated by driving the CS input low. 
Input data is latched on the rising edge of SCLK and must be 
valid during the previous low period of SCLK to prevent 
momentary corruption of register data during writes. Data 
is output on the falling edge of SCLK and held to the next 
_ falling edge. All data transfers are terminated if the CS input 
transitions high. Port control logic is disabled and SDO 
tristated when CS is high. 


Figure 2: Address/Command Byte (ACB) 
| (MSB) 


Data 1/O 


Data I/O timing is shown in Figure 3. Following the eight 
SCLK cycles that input an address/command byte to write, 
a data byte is strobed into the addressed register on the rising 
edges of the next eight SCLK cycles. Following an address/ 
command word to read, contents of the selected register are 
output on the falling edges of the next eight SCLK cycles. 
The SDO pin is tri-stated during device write, and may be 
tied to SDI in applications where the host processor has a 
bidirectional I/O pin. 


Burst Mode 


The burst mode allows all on-board registers to be consecu- 
tively read or written by the host processor. A burst read is 
used to poll all registers; RSR contents will be unaffected. 
This feature minimizes device initialization time on power- 
up or system reset. Burst mode is initiated when ACB.7 is 
set and the address nibble is 0000. Burst is terminated by 
low-high transition on CS. 


aes 


ew [= [= [aooa | aoe [ anor [ Ano0 [ew 


Symbol 


Position 


ACB.7 
ACB.6 
ACB.5 
ACB.4 MSB of register address. 
ACB.1 LSB of register address. 


ACB.0 









ais : 
OO OO 


SCLK 


SDI, SDO 


Address/Command 


1. SDI sampled on rising edge of SCLK. 
2. SDO updated on falling edge of SCLK. 


2-180 


Read/Write Select. 0 = write addressed register. 1 





Name And Description 


Burst Mode. If set (and ACB.1 through ACB.4 = 0) burst read or write is enabled. 
Reserved. Must be set to 0 for proper operation. 


Reserved. Must be set to 0 for proper operation. 


= read addressed register. 





Data Input/Output 


@LEVEL 
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Common Control Register Bit Seven Stuffing 


The Common Control Register (CCR) is shown in Figure 4. Existing systems meet ones density requirements by forcing 
bit 7 of all zero channels to 1. Bit 7 stuffing is globally 

Loopback enabled by asserting bit CCR.1, and may be disabled on an 
individual channel basis by setting appropriate bits in TTR1 

Enabling loopback will typically induce an Out Of Frame ~ TERS. 

(OOF) condition. If appropriate bits are set in the receive 

control register (RCR), the receiver will resync to the looped B8ZS 

transmit frame alignment . During the looped condition, the _ a 

transmit outputs (TPOS, TNEG) will transmitall"1's" unfra- | The LXP2180A supports existing and emerging zero sup- 

med. All operating modes (B8ZS, alarm, signaling, etc.) Pression formats. Selection of B8ZS coding maintains 


except for blue alarm transmission are availableinloopback.  SYSt¢m ones density requirements without disturbing data 
integrity as required in emerging clear channel applications. 


B8ZS coding replaces eight consecutive outgoing zeros with 
a B8ZS code word. Any received B8ZS code word is 


Figure 4: Common Control Register oe Uae 
(MSB) (LSB) 


ee ee ee 


Symbol Position Name And Description 
CCR.7 Reserved. Must be set to 0 for proper operation. 


CCR.6 Function of Rec Status Register 2. 0 = Detected B8ZS code words reported 
at RSR.2. 1 = Change of Frame Alignment (COFA) reported at RSR.2 when 
last resync resulted in change of frame or multiframe alignment. 


EYELMD ; 193E Yellow Mode Select. 0 = Yellow alarm is a repeating pattern set of 00 
| hex and FF hex. 
1 = Yellow alarm is a "0" in the bit 2 position of all channels. © 


Frame Mode Select. 0 = D4 (1938, 12 frames/superframe). 
1 = Extended (193E, 24 frames/superframe) 


SYELMD s) * 193S Yellow Mode Select. Determines yellow alarm type to be transmitted 
and detected while in 193S framing. If set, yellow alarms are a "1" in the S- 
bit position of frame 12. If cleared, yellow alarm is a "0" in bit 2 of all 
channels. Does not affect 193E yellow alarm operation. 


Bipolar Eight Zero Suppression. 0 = No B8ZS. 1 = B8ZS enabled. 


Bit Seven Zero Suppression. If CCR.1 = 1, channels with an all zero content | 
will be transmitted with bit 7 forced to "1." 
If CCR.1 = 0, no bit 7 stuffing occurs. 


Loopback. When set, the device internally loops output transmit data into 
the incoming receive data buffers and TCLK is internally substituted for 
~ RCLK. 
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Transmit Control Register 
The Transmit Control Register (TCR) is shown in Figure 5. 
Transmit Blue Alarm 


The blue alarm, also known as the Alarm Indication Signal 
(AIS), is an unframed, all 1's sequence enabled by asserting 
TCR.1. Blue alarm overrides all other transmit data patterns 
and is disabled by clearing TCR.1. Use of the TIR registers 
allows an unframed, all 1's alarm transmission if required by 
the network. 


Transmit Yellow Alarm 
In 193E framing, a yellow alarm is a repeating pattern set of 


FF (Hex) and 00 (Hex) on the 4 kHz facility data link (FDL). 
In 193S framing, the yellow alarm format is dependent on 


Figure 5: Transmit Control Register | 
(MSB) — 


the state of bit CCR.3. In all modes, yellow alarm is enabled 
by asserting TCR.O and disabled by clearing TCR.0. 


Transmit Signaling 


When enabled via TCR.4, channel signaling is inserted in 


. frames 6 and 12 (193S); or 6, 12, 18 and 24 (193E) in the 8th 


bit position of every channel word. Signaling data is 
sampled at TABCD on the falling edge of TCLK during bit 
8 of each input word during signaling frames. Logical 
combination of clocks TMO, TSIGFR and TSIGSEL allow 
external multiplexing of separate links for A, B or A, B,C, 
D signaling sources. | 


Transmit Transparency Registers 


The Transmit Transparency Registers, TTR1 - TTR3, are 
shown in Figure 6. Individual DSO channels in the T1 frame 


(LSB) 


voor [wer [ier | mese [ws | wos | we | va 


Symbol Position 


ODF TCR.7 


Name And Description 


Output Data Format. 0 = Bipolar data at TPOS and TNEG. 


1 = NRZ data at TPOS; TNEG = 0. 


TCR.6 


TCR.5 


Transmit Framing Pass Through. 0 = FI/FPS sourced internally. 
1 = FI/FPS sampled at TSER during F-bit time. 


Transmit CRC Pass Through. 0 = Transmit CRC code internally generated. 


1 = TSER sampled at CRC F-bit time for external CRC insertion. 


TCR.4 


Robbed Bit Signaling Enable. 1 = signaling inserted in all channels during 


signaling frames. 0 = No signaling inserted. (The TTR registers allow the 
user to disable signaling insertion on selected DSO channels.) 


Transmit Idle Code Select. Determines idle code format to be inserted into 
channels marked by the TIR registers. 0 = insert 7F (Hex) into marked 
channels. 1 = insert FF (Hex) into marked channels. | 


193S S-bit Insertion. Determines source of transmitted S-bit. 
0 = internal S-bit generator. 1 = external (sampled at TLINK input). 


Transmit Blue Alarm. 0 = disabled. 1 = enabled. 


Transmit Yellow Alarm. 0 = disabled. 1 = enabled. 
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may be programmed clear (no inserted robbed bit signaling 
and no bit 7 zero suppression) by setting the appropriate bits 
in the TTR registers. Channel transparency is required in 
mixed voice/data and data-only environments such as ISDN, 
where data integrity must be maintained. 


LXP2180A T1 ESF Framearieormatior 


TCR.3. If enabled, robbed bit signaling data is inserted into 
the idle channel, unless the appropriate TTR bit is set for that 
channel. This feature eliminates external hardware cur- 
rently required to intercept and stuff unoccupied channels in 
the DS1 bit stream. Transmit insertion hierarchy is shown in 


3 Figure 8. 

Transmit idie Code Insertion | 

| Transmit Multiframe Timing 
The Transmit Idle Registers, TIR1 - TIR3, are shown in 
Figure 7. Individual outgoing channel in the frame can be 
‘programmed with idle code by asserting the appropriate bits 
in the transmit idle registers. One of two idle code formats, 
7F (Hex) and FF (Hex) may be selected by the user via 


Transmit multiframe timing for 193S framing and 193E 
framing is shown in Figures 9 and 10, respectively. Transmit 
multiframe boundary timing is shown in Figure 11. 





Figure 6: Transmit Transparency Registers 


(MSB) | (LSB) 


Symbol Position Name And Description 


CH24 Transmit Transparency Registers. Each of these bit positions represents a 
DSO channel in the outgoing frame. When set, the corresponding channel 
is transparent. | 


TTR3.7 | 


CH1 TTR1.0 





Figure 7: Transmit idle Registers 


(MSB) , (LSB) 


- 
mRa 
mR 


Symbol Position | Name And Description 


CH24 TIR3.7 


Transmit Idle Registers. Each of these bit positions represents a DSO channel 
in the outgoing frame. When set, the corresponding channel 
will output an idle code format determined by TCR.3. 


CH1 TIR1.0 
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Figure 8: Transmit Insertion Hierarchy 
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Figure 9: 193S Transmit Multiframe Timing 


Frame # 12|1 [2 |3 |4|5|6]7|8 [9 |rolss|i2|1 |2|3]4]5 |e |7 


TSIGFR [ [| [| 
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Note 2 


TLINK 
Note 390 hh tH 





1. Transmit frame and multiframe timing may be established in one of four ways: | 
a. With TFSYNC tied low, TMSYNC may be pulsed high once every multiframe period to establish multiframe boundaries, allowing 
internal counters to determine frame timing. — 
b. TFSYNC may be pulsed every 125 microseconds; pulsing TMSYNC once establishes multiframe boundaries. 
c. TMSYNC and TFSYNC may be continuously pulsed to establish and reinforce frame and superframe timing. 
d. If TMSYNC is tied low and TFS YNC is pulsed at frame boundaries, the transmitter will establish an arbitrary multiframe boundary 
as indicated by TMO. 
2. Channels in which robbed bit signaling is enabled will sample TABCD during the LSB bit time in frames indicated. 
3. When external S-bit insertion is enabled, TLINK will be sampled during the F-bit time of even frames and inserted into the outgoing 
data stream. 


Figure 10: 193E Transmit Multiframe Timing 


Frame # 24|1 [2 |3 |[4]5 |6|7]8 | 9 [10 [14 [12 [13 [14 [15 [16 [17 |18 [19 | 20 [21 | 22 [29 [24 | 1 
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Note 2 
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1. Transmit frame and multiframe timing may be established in one of four ways: 
a. With TFSYNC tied low, TMSYNC may be pulsed high once every multiframe period to establish multiframe boundaries, allowing 
internal counters to determine frame timing. 
b. TFSYNC may be pulsed every 125 microseconds; pulsing TMSYNC once establishes multiframe Beundarins 
c. TMSYNC and TFSYNC may be continuously pulsed to establish and reinforce frame and superframe timing. » 
d. If TMSYNC is tied low and TFS YNC is pulsed at frame boundaries, the transmitter will establish an arbitrary multiframe boundary 
as indicated by TMO. 
2. Channels in which robbed bit signaling is enabled will sample TABCD during the LSB bit time in frames indicated. 
3. TLINK is sampled during the F-bit time of odd frames and inserted into the outgoing data stream (FDL data). 
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Figure 11: Transmit Multiframe Boundary Timing 
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1. TLINK timing shown is for 193E framing. In 193E framing, TLINK is sampled as indicated for insertion into F-bit position of odd 
frames. When S-bit insertion is enabled in 193S framing, TLINK is sampled during even frames. | 
2. IfTCR.5= 1, TSER is sampled aunne the F-bit time of CRC frames for insertion into the outgoing data stream (193E framing ony) 


21860222” | | _ : ; fe ONE. 


Receive Control Register 
The Receive Control Register (RCR) is shown in Figure 12. 
Receive Code Insertion 


Incoming receive channels can be replaced with idle (Hex 


7F) or digital milliwatt (u-Law format) codes. The Receive — 


Mark Registers (RMR 1 - RMR3) indicate which channels 
are inserted. RMR registers are shown in Figure 13. When 


Figure 12: Receive Control Register 
(MSB) 
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set, bit RCR.5 serves as a global enable for marked channels, 
and bit RCR.4 selects inserted code format: 0 = idle a 
1 = digital milliwatt. 


Receive Synchronizer 


Bits RCR.O through RCR.3 allow the user to control opera- 
tional characteristics of the synchronizer. Sync algorithm, 
candidate qualify testing, auto resync, and command resync 
modes may be altered at any time in response to changing 
span conditions. 


(LSB) 


anc [oor [act | ees | sywce | smcr | since | wesc 


Symbol Position 


ARC RCR.7 


OOF RCR.6 


Name And Description 


Auto Resync Criteria. 0 = Resync on OOF or RCL event. 
1 = resync on OOF only. 


Out-Of-Frame Condition Detection. 0 = two of four ane bits in error. 


1 = two of five framing bits in error. 


RCI RCR.5 


Receive Code Insert. When set, the receive code selected by RCR.4 is 


inserted into channels marked by RMR registers. If clear, no code is 


inserted. 


| Receive Code Select. 0 =idle code. 1 = digital Milliwatt. 


Sync Criteria. Determines the type of algorithm used by the receive 
synchronizer and differs for each frame mode. 

193S Framing (CCR.4 = 0). 0 = synchronize to frame boundaries using F,, 
pattern, then search for multiframe using F,. 

1 = cross couple F,, and F, patterns in sync algorithm. 

193E Framing (CCR.4 = 1). 0 = normal sync (uses FPS only). 

1 = validate new alignment with CRC before declaring sync. 


Sync Time. If set, 24 consecutive F-bits of the framing pattern must be 
qualified before sync is declared. If clear, 10 bits are qualified. 


Sync Enable. If clear, the transceiver will automatically begin a resync if 
two of the previous four or five framing bits were in error, or if carrier loss is 
detected. If set, no auto resync occurs. 


RESYNC RCR.O 


Resync. When toggled low to high, the transceiver will initiate resync 





immediately. The bit must be cleared, then set again for subsequent resyncs. 
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Receive Signaling 
Robbed bit signaling data is presented at RABCD during 


each channel time in signaling frames for all 24 incoming 
channels. Logical combination of clocks RMSYNC, 


Figure 13: Receive Mark Registers 


Pa 


~ RSIGFR and RSIGSEL allow the user to identify and extract 


AB or ABCD signaling data. Receive multiframe timing for 
193S and 193E framing modes are shown in Figures 14 and 
15, respectively. Receive multiframe boundary timing is 
shown in Figure os 


ase) 


Symbol Position 


CH24 RMR3.7 


CH1 RMR1.0 


_ Figure 14: 193S Receive Multiframe Timing 





Name And Description 


Receive Mark Registers. Each of these bit positions represents a DSO 
channel in the incoming T1 frame. When set, the corresponding channel 
will output codes determined by RCR.4 and RCR.5. 


Frame# 12/1 |2|3|4|5|6|7|8 | 9 |10 |11 [12] 1 J2|3|4[5|6|7 
rnrsync _{1_{l_SL__SL_SL_SL_L__L_L_0_ LLU 
nMsync [OO 
RSIGSEL, FO 


RSIGFR 


RLCLK 
RABCD 
Note 1 


RLINK 
Note 2 


ED AANAAAASSSS CD. SNANSASSSAU ED <NNANANNSAS (AR 





1. Signaling data is updated during signaling frames on channel boundaries. 


RABCD is the LSB of each channel word in non-signaling frames. 


2. RLINK data (S-bit) is updated one bit time prior to S-bit frames and i for two frames. 
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Figure 15: 193E Receive Multiframe Timing 


Frame # 24/1 |2|3]4|5|6]7 | 8] 9 |10[11]12|13|14]15|16 [17 [18 [19 [20 [21 [22 [23] 24 | 
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1. Signaling data is updated during signaling frames on channel boundaries. 
RABCD is the LSB of each channel word in non-signaling frames. 
2. RLINK data (FDL-bit) is updated one bit time prior to odd frames and held for two frames. 


Figure 16: Receive Multiframe Boundary Timing 
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1. Total delay from RPOS and RNEG to RSER output is 13 RCLK periods. 
2. RLINK timing shown is for 193E timing. In 193S timing, RLINK is updated on even frame boundaries and is held across multiframe 


edges. 
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Receive Alarm Reporting 


Incoming serial data is monitored by the transceiver for 
alarm occurrence. Alarm conditions are reported in two 
ways: (1) via transition on the alarm output pins; and (2) 


registered interrupt, in which the host controller reads the 


Receive Status Register (RSR) in response to an alarm driven 
interrupt. The RSR register is shown in Figure 17. Interrupts 


may be direct, in which the transceiver demands service for _ 


_ areal time alarm, or count-overflow triggered, in which an 
on-board alarm event counter exceeds a user-programmed 
threshold. The user may mask individual alarm conditions 
by clearing the appropriate bits in the receive interrupt mask 
register (RIMR). The RIMR register is shown in Figure 18. 


Alarm Servicing 
The host controller must service the transceiver in order to 


clear an interrupt condition. Clearing appropriate bits in the 
RIMR will unconditionally clear an interrupt. Direct inter- 


Figure 17: Receive Status Register (RSR) 
(MSB) 


rupts (those driven from real-time alarms) will be cleared 
when the RSR is directly read, unless the alarm condition 
still exists. Count-overflow interrupts (BVCS, FCS) are not 
cleared by adirect read of the RSR. They will be cleared only 
when the user presets the appropriate count register to a 
value other than all "1's." A burst read of the RSR will not 
clear an interrupt condition. . | 


Alarm Counters 


The three on-board alarm event counters (BPV, OOF, and 
ESF) allow the transceiver to monitor and record error - 
events without processor intervention on each event occur- 
rence. All of these counters are presetable by the user, 
establishing an event count interrupt threshold. As each 
counter saturates, the next error event occurrence will set a 
bit in the RSR and generate an interrupt unless masked. The 
user may read these registers at any time; in many systems, 
the host will periodically poll these registers to establish link 
error rate performance. 


(LSB) 
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Symbol Position . 


BVCS RSR.7 


Saturates. . 


ECS RSR.6 
‘saturates. 


RSR.5 


Name And pescnpion 


Bipolar Violation Count Saturation. Set when the 8-bit counter at BVCR 
Error Count Saturation. Set when either of the 4-bit counters at ECR 


Receive Yellow Alarm. Set when yellow alarm detected. (Detected yellow 


alarm format determined by CCR.4 and CCR.3.) 


RSR.4 
RNEG. 


RSR.3 
RSR.2 


RSR. 1 


Receive Carrier Loss. Set when 32 consecutive "0's" appear at RPOS and 


Frame Bit Error. Set when F, (193) or FPS.(193E) bit error occurs. 


Bipolar Eight Zero Substitution Detect. Set when B8ZS code word detected. 


~ Receive Blue Alarm. Set when two consecutive frames have less than three 


zeros (total) in the data stream - bit positions not tested). 


~ RSRO 





Receive Loss of Sync. Set when resync is in progress; if RCR.1 =0, RLOS 


transitions high on an OOF event or carrier loss, indicating auto resync. 
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BVCR - Bipolar Violation Count Register (RIMR.7 = 1). Presetting this register allows the user to 

| establish specific count interrupt thresholds. The counter 
The BVCR register is shown in Figure 19. This 8-bit binary | will count “up" to saturation from the preset value, and may 
up counter saturates at 255 and will generate aninterruptfor be read at any time. Counter increments occur at all times 
each occurrence of a bipolar violation once saturated and are not disabled by resync. 


Figure 18: Receive Interrupt Mask Register (RIMR) 
(MSB) (LSB) 


[aves [ees | evi] act | reme | oezs0 | et | mos || 


Symbol Position Name And Description 





BVCS RIMR.7 Bipolar Violation Count Saturation Mask. 
1 = interrupt enabled. 0 = interrupt masked. 


ECS RIMR.6 - Error Count Saturation Mask. 
! 1 = interrupt enabled. ( = interrupt masked. 


RIMR.5 Receive Yellow Alarm Mask. 
| = interrupt enabled. 0 = interrupt masked. 


RIMR.4 Receive Carrier Loss Mask. 
1 = interrupt enabled. 0 = interrupt masked. 


RIMR.3 Frame Bit Error Mask. 
1 = interrupt enabled. 0 = interrupt masked. 


RIMR.2 Bipolar Eight Zero Substitution Detect Mask. 
1 = interrupt enabled. Q = interrupt masked. 


RIMR.1 Receive Blue Alarm Mask. 
= interrupt enabled. 0 = interrupt masked. 


RIMR.O Receive Loss of Sync Mask. 
{1 = interrupt enabled. Q = interrupt masked. 





Figure 19: Bipolar Violation Count Register (BVCR) 
(MSB) | (LSB) 


Symbol Postion Name And Description 


BVD7 BVCR.7 MSB of bipolar violation count. 


BVDO —-BVCR.O LSB of bipolar violation count. 
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Error Count Register - Out Of Frame and 
Errored Superframe Events 


These separate 4-bit binary up counters saturate at acount of 

15 and will generate an interrupt for each occurrence of an 
OOF event or an ESF event after saturation (RIMR.6 = 1). 
Presetting these counters allows the user to establish specific 
count interrupt thresholds. The counters will count up to 
saturation from the preset value, and may be read at any time. 
These counters share the same register address, and must be 
written to or read from simultaneously. 


Out Of Frame (OOF) is declared when at least two of four (or 
five) consecutive framing bits are in error. F,, bits are tested 
for OOF occurrence in 193S; the FPS bits are tested in 193E. 
OOF events are recorded by the 4-bit OOF counter in the 
error count register. The OOF counter records out of frame 
events in both 193S and 193E. In the 193E framing mode, 
the OOF event is logically "OR'ed" with an on-chip gener- 
ated CRC checksum. This event, known as errored super- 
frame, is recorded by the 4-bit ESF error counter in the error 
count register. In the 193S framing mode, the 4-bit ESF 
counter records individual F, and F, errors when RCR.3 = 1, 
or F, errors only when RCR.3 = 0. ECR counter increments 
are disabled when resync is in progress (RLOS high). 


Alarm Outputs 


The transceiver also provides direct alarm outputs for appli- 
cations when additional decoding and demuxing are re- 


quired to supplement the on-board alarm logic. Alarm | 


output timing is shown in Figure 21. 


Figure 20: Error Count Register (ECR) | 
(MSB) 


RLOS Output 


The receive loss of sync output indicates the status of the. 
receiver synchronizer circuitry: when high, an off-line re- 
synchronization is in progress and a high-low transition 
indicates resync is complete. The RLOS bit (RSR.O) is a 
latched version of the RLOS output. Ifthe auto-resync mode 
is selected (RCR.1 = 0) RLOS is areal time indication ofa 
carrier loss or OOF event occurrence. 


RYEL Output 


The yellow alarm output transitions high when a yellow 
alarm is detected. A high-low transition indicates the alarm 
condition has been cleared. The RYEL bit (RSR.5) is a 
latched version of the RYEL output. In 193E framing, the 
yellow alarm pattern detected is 16 pattern sets of 00 (Hex) 
and FF (Hex) received at RLINK. In 193S framing, the 
yellow alarm format is dependent on CCR.3: if CCR.3 = 0, 
the RYEL output transitions high if bit 2 of the 256 or more 
consecutive channels is 0; If CCR.3 = 1, yellow alarm is 
declared when the S-bit received in frame 12 is 1. 


RBV output 


The bipolar violation output transitions high when the ac- 
cused bit emerges at RSER. RBV will go low at the next bit 


| time if no additional violations are detected. 


RFER Output 


The receive frame error output transitions high at the F-bit 
time and is held high for two bit periods when a frame error 


(LSB) 


| OOFD3 | OOFD2 | OOFDI | COFDO | ESFD3 | ESFD2 | ESFDI | ESFDO |/ 
|——_—_—— OOF Count ——___— | _———— ESF Error Count 


Name And Description 


Symbol Position 


OOFD3 ~~ ECR.7 MSB of OOF event count. 


OOFDO — ECR.4 LSB of OOF event count. 


ESFD3 ECR.3 MSB of ESF error count. 


ECR.0 LSB of ESF error count. 





ESFDO 
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occurs. In 193S framing, F, and F, patterns are tested. The 
FPS pattern is tested in 193E framing. Additionally, in 193E 
framing, RFER reports a CRC error by a low-high-low 
transition (one bit period wide) one half RCLK period before 
a low-high transition on RMSYNC. 


Reset 


A high-low transition on RST clears all registers and forces 
immediate receive resync when RST returns high. This reset 
has no effect on transmit frame, multiframe, or channel 
counters. RST must be held low on system power-up to 
insure proper initialization of transceiver counters and reg- 
isters. Following reset, the host processor should restore all 
control modes by writing appropriate registers with control 
data. 


Hardware Mode 


For preliminary system prototyping or applications which 
do not require the features offered by the serial port, the 
transceiver can be reconfigured by the SPS pin. Tying SPS 


Figure 21: Alarm Output Timing 
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to VSS disables the serial port, clears all internal registers 
except CCR and TCR and redefines pins 14 through 18 as 
mode control inputs. Hardware mode control inputs are 
listed in Table 6. The Hardware mode allows device retrofit 
into existing applications where mode control and alarm 
conditioning circuits are often designed with discrete logic. 


Hardware Common Control 


In the Hardware mode bits TCR.2, CCR.4, TCR.0, CCR. 1 
and CCR.2 map to pins 14 through 18. The loopback feature 
(bit CCR.0) is enabled by tying pins 17 (zero suppression) 
and 18 (B8ZS) to 1. (The last states of pins 17 and 18 are 
latched as when both pins are taken high, preserving the 
current zero suppression mode). Robbed bit signaling (bit 
TCR.4) is enabled for all channels. The user may tie TSER 
to TABCD externally to disable signaling if so desired. Bit 
CCR.3 is forced to 0, which selects bit 2 yellow alarm in 
193S framing. Contents of the RCR, as well as the remaining 
bit locations in the CCR and TCR, are cleared in the 
Hardware mode. The RST input may be used to force 
immediate receiver resync, and has no effect on transmit. 


ReeK FIPS LIL LLL LiL LI LL 
RFSYNC a | | 
RMSYNC | | 


RFER 
Note 1 





RBV | | | 


. Note 2 


RCL | 

Note 3 $_________----/ 
RLOS | | 

Note 4 


NOTES: 





1. RFER transitions high during F-bit time if received framing pattern bit is in error. (Frame 12 F-bits in 193S are ignored 
if CCR.3 = 1.) Also, in 193E, RFER transitions 1/2 bit time before the rising edge of BSN to indicate a CRC error 
for the previous multiframe. 

2. RBV indicates received bipolar violations and transitions high when accused bitemerges fromRSER. If B8ZS is enabled, 
RBV will not report the zero replacement code. 

3. RCL transitions high (during 32nd bit time) when 32 consecutive bits received are "0". RCL transitions low when the 
next "1" is received. 

4. RLOS transitions high during the F-bit time sie caused an OOF event (any 2 of 4 consecutive FT or FPS bits are in error) 
if auto-resync mode is selected (RCR.1 = 0). Resync will also occur when loss of carrier is detected (RCL = 1). When | 
RCR.1 = 1, RLOS remains low until resync occurs, regardless of OOF or carrier loss flags. In this situation, resync is 
initiated only when RCR.0 transitions low-to-high or the RST pin transitions high-low-high. 

(exe 
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TI OVERVIEW 
Framing Standards 


The LXP2180A is compatible with the existing Bell System 
D4 framing standard described in AT&T PUB 43801 and the 


new extended superframe format (ESF) as described in 


AT&T C.B. #142. In this document, D4 framing is referred 
toas 193S, and ESF (also known as Fe) isreferred to as 193E. 
Progranimable features of the LXP2180A allow support of 
other framing standards which are derivatives of 193E and 
193S. The salient differences between the 193S and 193E 
formats are the number of frames per superframe and use of 
the F-bit position (refer to Tables 7 and 8). In 193S, 12 
frames make up a superframe; in 193E, 24. A frame consists 
of 24 channels (time-slots) of 8-bit data preceded by an F-bit. 
Channel data is transmitted and received MSB first. 


F-Bits 


The use of the F-bit position in 1935S is split between the 


terminal framing pattern (known as F_-Bits) which provides 
frame alignment information, and the signaling framing 
pattern (known as F,-bits) which provides multiframe 
alignment information. In 193E framing, the F-bit position 
is shared by the framing pattern sequence (FPS), which 
provides frame and multiframe alignment information, a 4 
kHz data link (Facility data link) known as FDL, and CRC 
(cyclic redundancy check) bits. The FDL bits are used for 
control and maintenance (inserted by the user at TLINK). 
The CRC bits are an indicator of link quality and may be 
monitored by the user to establish error performance. 


Table 6: Hardware Mode Pin Descriptions 















NOTES: 


Register Bit Location | Name and Description 


1938S - S-bit Insertion’. 1 = external; 0 = internal 


Framing Mode Select. 1 = 193E; 0 = 193S 


p16 | TCR-DO Transmit Yellow Alarm”*, 1 = enabled; 0 = disabled 
Zero Suppression>. 1 = bit 7 stuffing; 0 = transparent 
pig CCR-D2 B8ZS*. 1 = enabled; 0 = disabled | 


Signaling 


During frames 6 and 12 in 193S, A and B signaling informa- 
tion is inserted into the LSB of all channels transmitted. In 
193E, A and B data is inserted into frames 6 and 12; C and 
D data is inserted into frames 18 and 24. This allows a 
maximum of four signaling states to be transmitted per 
superframe in 193S; 16 states per superframe in 193E. 


Alarms 


The LXP2180A supports all alarm pattern generation and 
detection required in typical Bell System applications. 
These alarm modes are explained in AT&T PUB 43801, 
AT&T C. B. #142 and elsewhere in this document. 


Line Coding 


T1 line data is transmitted in a bipolar alternate mark 
inversion (AMI) line format; ones are transmitted as alter- 
nating negative and positive pulses and zeros are simply the 
absence of pulses. This technique minimizes DC voltage on 
the T1 span and allows clock to be extracted from data. The 
network currently has a one's density constraint to keep 
clock extraction circuitry functioning, which is usually met 
by forcing bit 7 of any channel consisting of all 0's to 1. The 
use of Bipolar Eight Zero Substitution (B8ZS) satisfies all 
the ones density requirements, while allowing data traffic to 
be transmitted without corruption. This feature is known as 
clear channel and is explained more completely in AT&T 
C.B.#144. When the B8ZS feature is enabled, any outgoing 
stream of eight consecutive zeros is replaced with a B8ZS 
code word. If the last "one" transmitted was positive, the 


1. S-bit yellow alarm (1938S) is not internally supported; however, the user may elect to insert external S-bits for alarm purposes. 


2. Bit 2 (1938S) and data link (193E) yellow alarms are supported. 


3. Tying pins 17 and 18 high enables loopback in the Hardware mode. 
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inserted code is 000 + - 0 - +; if negative, the code word 


inserted is 000 - +0 +-. Bipolar violations occur in the fourth 
and seventh bit positions, which are ignored by the 
DS2180A error monitoring logic when B8ZS is enabled. 
Any received B8ZS code word is replaced with all 0's if 
B8ZS is enabled. Also, the receive status register will report 
any occurrence of B8ZS code words to the host controller. 
This allows the user to monitor the link for upgrade to clear 
channel capability, and respond to it. The B8ZS monitoring 
feature works at all times and is independent of the state of 
CCR.2. 


TRANSMITTER OVERVIEW 


The transmit side of the LXP2180A is made up of six major 
functional blocks: timing and clock generation, data selec- 


Table 7: 193E Framing Format 
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tor, bipolar coder, yellow alarm, F-bit data and CRC. The 
timing and clock generation circuit develops all on-board 
and output clocks to the system from inputs TCLK, 
TFSYNC and TMSYNC. The yellow alarm circuitry gen- 
erates mode dependent yellow alarms. The CRC block 
generates checksum results utilized in 193E framing. F-bit 
data provides mode dependent framing patterns and allows 
insertion of link or S-bit data externally. All of these blocks 
feed into the data selector, where (under control of the CCR, 
TCR, TIRs and TTRs) the contents of the outgoing data 
stream are established by bit selection and insertion. The 
bipolar coder formats the output of the data selector to make 
it compatible with bipolar transmission techniques and in- 
serts zero suppression codes. The bipolar coder also sup- 
ports the on-board loopback feature. Input-to-output delay 
of the transmitter is 10 TCLK cycles. 


| F-BitUse_ | __—Bituse In Each Channel _| 
| Fes! | Fpl | crc: | Data_| Signaling | 2-State | 4-State | 


< 


OMOIANANMAWNH 


M 
M 
M 
M 
M 
M 


Zzizgizgizi 


< | 


NOTES: 
1. FPS - Framing Pattern Sequence. | 
2. FDL - 4 kHz Facility Data Link; M = message bits. 





3. CRC - Cyclic Redundancy Check Bits. The CRC code will be internally generated by the device when TCR.5 =0. When 
TCR.5 = 1, externally supplied CRC data will be sampled at TSER during the F-bit time of frames 2, 6, 10, 14, 18 and 22. 

4. The user may program any individual channels clear, in which case Bit 8 will be used for data, not signaling. 

5. Depending on application, the user can support 2-state, 4-state or 16-state signaling by the appropriate decodes of TMO, 
TSIGFR, TSIGSEL (transmit side) and RMSYNC, RSIGFR and RSIGSEL (receive side). — 


(Nt: 
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RECEIVER OVERVIEW 
Synchronizer 


The heart of the receiver is the synchronizer/sync monitor. 
This circuit serves two purposes: 1) monitoring the incom- 
_ ing data stream for loss of frame or multiframe alignment; 
and 2) searching for a new frame alignment pattern when 
sync loss is detected. When sync loss is detected, the 
synchronizer begins an off-line search for the new align- 


ment; all output timing signals remain at the old alignment . 


with the exception of RSIGFR, which is forced low during 
resync. When one and only one candidate is qualified, the 
output timing will move to the new alignment at the be- 
ginning of the next multiframe. One frame later, RLOS will 
transition low, indicating valid sync and the resumption of 
the normal sync monitoring mode. Several bits in the RCR 
allow tailoring of the resync algorithm by the user. These 
bits are described in the following paragraphs. 


Sync Time (RCR.2) 


Bit RCR.2 determines the number of consecutive framing 
pattern bits to be qualified before SYNC is declared. If 
RCR.2 = 1, the algorithm will validate 24 bits, if RCR.2 =0, 
10 bits are validated. 24-bit testing results in superior false 
framing protection, while 10-bit testing minimizes reframe 
time (although in either case, the synchronizer will only 
establish resync when one and only one candidate is found). 


Table 8: 193S Framing Format 


F-Bit Use 


-m1O!l1lo). 


oe | 


1 
2 
3 
4 
rs) 
6 
7 
8 
9 


— | 


QI 


NOTES: 


Bit use In Each Channel 





Resync (RCR.O) 


A zero-to-one transition of RCR.O causes the synchronizer 
to search for the framing pattern sequence immediately, 
regardless of the internal sync status. In order to initiate 
another resync command, this bit must be cleared and then 
set again. 


Sync Enable (RCR. 1) 


When RCR.1 is cleared, the receiver will initiate automatic 
resync if any of the following events occur: = 

1) an OOF event (Out-Of-Frame), or 2) carrier loss (32 
consecutive 0's appear at RPOS and RNEG). AnOOFevent 
occurs any time that 2 of 4 F, or FPS bits are in error. When 
RCR.1 is set, the automatic resync circuitry is disabled; in 
this case, resync can only be initiated by setting RCR.0 to 1, 
or externally via a low-high transition on RST. Note that 
using RST to initiate resync resets the receive output timing - 
while RST is low; use of RCR. 1 does not affect output timing 
until the new alignment is located. 


Sync Criteria (RCR.3) 


193E Bit RCR.3 determines which sync algorithm is 
utilized when resync is in progress (RLOS = 1). In 193E 
framing, when RCR.3 = 0, the synchronizer will lock only to 
the FPS pattern and will move to the new frame and— 
multiframe alignment after the framing candidate is 


Signaling-Bit Use. 
Signaling’ 


1. FT (terminal framing) bits provide frame alignment information. 

2. FS (signaling frame) bits provide multiframe alignment information. 

3. The S-bit in frame 12 maybe used for yellow alarm transmission and detection in some applications. 

4, The user may program any individual channels clear, in which case Bit 8 will be used for data, not signaling. 
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qualified. RLOS will go low one frame after the move to the 


new alignment. When RCR.3 = 1, the new alignment is 


further tested by a CRC code match. RLOS will transition 
~ low after a CRC match occurs. If no CRC match occurs in 
three attempts (three multiframes), the algorithm will reset 
and a new search for the framing pattern begins. It takes 9 
ms for the synchronizer to check the first CRC code after the 
new alignment has been loaded. Each additional CRC test 
takes 3 ms. Regardless of the state of RCR.3, if more than 
one candidate exists after about 24 ms, the synchronizer will 
begin eliminating emulators by testing their CRC codes 
online in order to find the true framing candidate. 


1938S In 193S framing, when RCR.3 = 1, the synchronizer 
will cross check the FT pattern with the FS pattern to help 
eliminate false framing candidates such as digital milliwatts. 
The FS patterns are compared to the repeating pattern .. . 
00111000111000 . . . (OOMIXO if CCR.3—YELMD—is 
equal to a 1). In this mode, FT and FS patterns must be 
correctly identified by the synchronizer before sync is 
declared. Clearing RCR.3 causes the synchronizer to search 
for FT patterns (101010. . .) without cross-coupling the FS 
pattern. Frame sync will be established using the FT 
information, while multiframe sync will be established only 
if valid FS information is present. If no valid FS pattern is 
identified, the synchronizer will move to the FT alignment, 
RLOS will go low, and a false multiframe position may be 
indicated by RMSYNC. RFER will indicate when the 
received S-bit pattern does not match the assumed internal 
multiframe alignment. This mode can be used in 
applications where non-standard S-bit patterns exist. In 
such applications, multiframe alignment information can be 
decoded externally by using the S-bits present at RLINK. 


Table 9: Average Reframe Time’ 


APPLICATIONS 
Backpiane Interface 


A typical backplane interface circuit is shown in Figure 22. 
The LXP2180A is shown in Host mode with an LXP2176 
providing the interface to the backplane, and an LXT300 
providing the line interface. 


Processor-Based Signaling 


Many robbed-bit signaling applications utilize a micropro- 
cessor to insert transmit signaling data into the outgoing data 
stream. The circuit shown in Figure 23 decouples the 
processor timing from that of the LXP2180A by use of a 
small FIFO memory. The processor writes to the FIFO (6 
bytes are written: 3 for A data, 3 for B data) only when 
signaling updates are required. The FIFO automatically 
retransmits old data when no updates occur. The system is 
interrupt-driven from the transmit multiframe sync input; 
the processor must update the FIFO prior to Frame 6 (625 [1s 
after interrupt) to prevent data corruption. The application 
circuit shown supports 193S framing; additional hardware is 
required for 193E applications. 





NOTES: 


_ 1. Average Reframe Time is defined here as the average time it takes from the start of resync (rising edge of RLOS) to the 
actual loading of the new alignment (on a Pane eatite edge) into the output receive timing. 


(te pe eet 
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Figure 22: Backplane Interface Application using LXP2180A with LXP2176 
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Absolute Maximum Ratings* 


* Exceeding these values may ¢ Voltage on any pin relative to ground -1.0V to+7V 
cause permanent damage. * Operating temperature -40 °C (min) to +85 °C (max) 


Functional operation under : | ° : ° 
these conditions is not Storage temperature -55 °C (min) to +125 °C (max) 


implied. Exposure to ¢ Soldering temperature 260 °C for 10 seconds 
absolute maximum rating 

conditions for extended 

periods may affect device 

reliability. 





Recommended Operating Conditions (Voltages are with respect to ground (GND) unless otherwise stated) 


Logic 0 


Supply voltage Veg 


Capacitance 


Input capacitance 


Output capacitance C 


Von = 2-4 V, See Note 5 
Voz = 0.4 V, See Note 6 


' Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
2 TCLK = RCLK = 1.544 MHz 

3 Outputs open. 

‘ Applies to SDO when tristated. 

5 All outputs except INT, which is open collector. 

§ All outputs. 
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A.C. Electrical Characteristics - Serial Port 





[Test Conations? 
C load = 100 pF ag 
[Coad 1009 | 
i 


—_f 
“< 
Z 


Parameter 
SDI to SCLK Setup | 
SCLK to SDI Hold 
SDI to SCLK Falling Edge 
SCLK Low Time | 
SCLK High Time 
SCLK Rise and Fall Time 
CS to SCLK Setup 
SCLK to CS Hold 
CS Inactive Time t 
SCLK to SDO Valid t 
CS to SDO High Z t 


SCLK Setup to CS Falling 


1 Typical figures are at 25 °C and are for design aid only: not guaranteed and not subject to production testing. 
? Measured at V,,, = 2.0V, V,, = .8V, and 10 ns maximum rise and fall time. 
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Figure 24: Serial Port Write A.C. Timing _ 
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A.C. Electrical Characteristics - Transmit 








Parameter Sym / Min | 
TCLK Period 
TCLK Pulse Width 


TCLK, RCLK Rise & Fall Times 


| ee | - | 
TSER, TABCD, TLINK Setup to top 
TCLK Falling 


Fons | C load = 100 pF 
C load = 100 pF 
C load = 100 pF 


i C load = 100 pF 
oo C load = 100 pF 
a C load = 100 pF 


Test Conditions' 





TSER, TABCD, TLINK Hold from | t 


TCLK Falling 


HTD 
TFSYNC, TMSYNC Setup to TCLK fess -125 
Rising | 
Propagation Delay TFSYNC to TMO, | Ge 
TSIGSEL, TSIGFR, TLCLK | 


T 
T. 


C load = 100 pF 


C load = 100 pF 


C load = 100 pF 


Propagation Delay TCLK to TCHCLK ee 
TFSYNC, TMSYNC Pulse Width 











' Measured at V,,, = 2.0V, V,, = .8V, and 10 ns maximum rise and fall time. - 


Figure 26: Transmit A.C. Timing Diagram 





tsTs tTsp 
| 


TFSYNC, 
TMSYNC tPTs 


TMO, TSIGSEL, 
TLCLK, TSIGFR 


{tPTCH 


TCHCLK 
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A.C. Electrical Characteristics - Receive 


| Units | Test Conditions? 


C Load = 100 pF 

























Propagation Delay RCLK to 
RMSYNC, RFSYNC, RSIGSEL, 
RSIGER, RLCLK, RCHCLK | 
Propagation Delay RCLK to RSER, 

RABCD,RLINK _ 
Transition Time, All Outputs | 


RCLK Period 64g | - | 
RCLK Pulse Width | 125 | 324 | - 
Eee 










C Load = 100 pF 










C Load = 100 pF 
C Load = 100 pF 
- C Load = 100 pF 
C Load = 100 pF 
C Load = 100 pF 
C Load = 100 pF 
C Load = 100 pF 


RCLK Rise & Fall Times | tt | - | 20 | 
RPOS, RNEG Setup to RCLK Falling Chas «| 0 | 
RPOS, RNEG Hold to RCLK Falling 


ss 
bee 
ae | 
Propagation Delay RCLK to RYEL, tora 
— RCL, RFER, RLOS, RBV : Pee ee | 


Minimum RST Pulse Width on System a: 1 
Power Up or Restart | | 


' Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
2 Measured at V,,, = 2.0V, V,, = 8V, and 10 ns maximum rise and fall time. 


Us C Load = 100 pF 


Figure 27: Receive A.C. Timing Diagram 
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) : 
The LXP2181A is one of a family of Level One E1/CEPT | « Drop-in replacement for the DS2181A. 

(2.048 MHz) interface solutions. An enhanced version of ; . 
the earlier LXP2181, it is a pin compatible drop-in replace-  ° 2181 Emulation mode provides full backward 
ment for the Dallas DS2181A. Aselectable 2181 Emulation  CPatibility with the LXP2181 and DS2181 
mode provides full backward compatibility with the — + Single chip primary rate framer/formatter meets CCITT 
LXP2181 and DS2181. Itis designed for El networks and standards G.704, G.706 and G.732 


supports all logical requirements of CCITT Red BookRec- . 
ommendations G.704, G.706 and G.732. Supports new CRC4 based framing standards and CAS 


and CCS signaling standards 








The transmit side generates framing patterns and CRC4 — « Host mode uses simple serial interface for device 
codes, formats outgoing channel and signaling data and configuration and control 

produces network alarm codes. The receive side decodes the 
incoming data and establishes frame, CAS multiframe, and 
CRC4 multiframe alignments. Once synchronized, the 


device extracts channel, signaling and alarm data. ¢ Comprehensive on-chip alarm generation, alarm 
detection and error logging logic : 


e Shares footprint with LXP2180A T1 Framer/Formatter 


¢ Hardware mode for stand-alone applications requires no 
host processor 


The device offers both Host and Hardware control modes. In 
_ Host mode, a serial port allows access to 14 on-chip control 
and status registers. In this mode, ahost processor controls § * Fully compatible with LXT30X series transceivers and 
such features such as error logging, per-channel code ma- LXP60X series clock adapters 
| nipulation and alteration of the receive synchronizer algo- ¢ Available in 40-pin DIP or 44-pin PLCC 
rithm. The Hardware mode is intended for preliminary : 
system prototyping and/or retrofitting into existing systems. 
This mode requires no host processor and disables special 


features available in the processor mode. ig Computer-to-PBX interfaces (DMI and CPI) 





The LXP2181A is a monolithic CMOS device which re-  * High speed computer to computer data links 
quires only a single +5V power supply. * Digital cross-connect interface 
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RCHCLK PLCC Only Bm RCTO 
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Absolute Maximum Ratings* 


* Exceeding these values may ° Voltage on any pin relative to ground -1.0V to+7V 


cause argon saa * Operating temperature -40 °C (min) to 85 °C (max) 
Functional operation under < 60 : é 

these conditions is not plorage temperature 55 C (min) to 125 °C (max) 
implied. Exposure to ¢ Soldering temperature 260 °C for 10 seconds 


absolute maximum rating 
conditions for extended 
periods may affect device 
reliability. 


Recommended Operating Conditions (Voltages are with respect to ground (VSS) unless otherwise stated) 


[Parameter | Sym | win | yp" Max [Uns] Tee! Conatons 
feet Sd me | 20 | - [vws) v | 
2 
[sumivoiwges id We PAs | | ss |v | 
a 

se 







Vop 

Er 
Pe 
DC Electrical Characteristics - Clocked operation over recommended temperature and power supply ranges 
Supply current too | - | 6 | 10 | mA | SceNotes 2 and3 
Input leakage pa | to | = | +10 | HA | Scenoed 
Output leakage pt | 10 | = | HO | WA | SeeNoteS 

Bak 













Output high current | | mA Von = 2-4 V, See Note 6 
Output low current p= | ma Voz = 0.4 V, See Note 7 


' Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
2 TCLK = RCLK = 2.048 MHz. | . 
3 Outputs Open. 
4 0V<V,.<V,, 
5 All outputs except INT, which is open collector. 
S All outputs. 
7 Applies to SDO when tristated. 





@LEVEL 
(c ONE @ 
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40-Pin DIP 44-Pin PLCC 
TMSYNC 1 VDD . ox 
TFSYNC 2 RLOS Ate 2. apie 
TCLK 3 RFER SL4OD>RHO6ur>H 
TCHCLK 4 RBV cePCeteSrrae 
TSER 5 RCL 
TMO 6 RNEG. 

TXD 7 RPOS RNEG 
TSTS 8 RST RPOS 
TSD 9 TEST RST 
TIND RCSYNC TEST 

TAF RSTS RCSYNC 
TPOS RSD RSTS 
TNEG RMSYNC RSD 
INT RFSYNC RMSYNC 
SDI RSER RFSYNC 
SDO RCHCLK RSER 
cs RCLK RCHCLK 
‘SCLK RAF 
55 RRA oe gssouxs 
i od 2 








Transmit Multi- | Transmit Multiframe Sync. Low-high transition establishes start 
frame Sync of CAS and/or CRC4 multiframe. May be tied low, which allows 
internal multiframe counter to run free. 


Transmit Frame | Transmit Frame Sync. Low-high transition every frame period 


Sync Channel B2 | establishes frame boundaries. May be tied low allowing 
TMSYNC to establish frame boundaries. 


TCHCLK Transmit Channel | 256 kHz clock which identifies time slot (channel) boundaries. 
Clock Usetul for parallel to serial conversion of channel ie 


Transmit Multi- Output of internal multiframe counter, high during frame 0. Low 
frame Out otherwise. 


oo TSER nramae NRZ data input, sampled on falling edges of TCLK. | 


Sampled on falling edge of TCLK during bit times 5, 7, and 8 of 
time slot 16 in frame 0 when CAS signaling is enabled. 


CAS signaling data input. Sampled on falling edges of TCLK for 
insertion into outgoing time slot 16 when enabled. 


CONE ® - | 4 2-205 
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Table 1: Transmit Pin Descriptions continued 


Description 


Transmit Sampled on falling edge of TCLK during bit 1 time of time slot 0 
International and every frame (international) and/or during bit times 4 through 8 of 
National Data time slot 0 during non-align frames (national) when enabled. 


Transmit Positive 
and Transmit Bipolar Data Outputs. Updated on rising edge of TCLK. 
Negative Data 





Table 2: Port Pin Description 


Description 


Receive Alarm An active low, open drain output which flags the host controller 
Interrupt during alarm conditions. 


Serial Data Input Data for on-chip control registers. Sampled on rising edge of 

| SCLK. | 

Serial Data Output | Serial output of control and status information from on-chip 
registers. Updated on falling edge of SCLK, tristated during serial 
aaron enerearmaaaa write or when CS is high. 


papas oe Chip Select Must be low to write or read the serial | Must be low to write or read the serial portregisters. TOpISters: 
“ SCLK' te Serial Data Clock Used to read or write the serial port registers. 


19 Serial Port Select Tie to VDD to select serial port (Host mode). Tie to VSS to select 
| the Hardware mode. — 


1. Multifunction pins; see Hardware mode description (Table 9, page 21). 





Table 3: Power and Test Pin Descriptions 







- Description 


area Signal Ground 0.0 V signal ground. 
32) 36) Test | 1 | Test Mode Tie to VDD for normal operation. Tie to VSS for 2181 emulation. 
| 40] 44 | vop | - Positive Supply +5V power supply input. | 


@LEVEL 
(c ONE © 
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Table me Receive Pin Descriptions 


sym — 1/O Description 
: 
cients Receive Remote | Transitions high when yellow alarm detected, goes low when alarm 


22| 24 RDMA Receive Distant | Transitions high when yellow alarm detected, goes low when alarm 
Multiframe Alarm | clears. 
RAF High during frames containing the alignment signal. Low otherwise 
Frame 





24 CLK Receive Clock | 2.048 MHz primary clock. 

29 | RCHCLK Receive Channel | 256 KHz clock, identifies time slot (channel) boundaries; useful fo 

Clock serial-to-parallel conversion of channel data. 
RSER Received NRZ serial data, updated on rising edge of RCLK. 

pa 

3 RFSYNC Receive Frame Trailing one indicates start of frame. 
Sync | 

-RMSYNC Receive Multi- | Low-high transition indicates start of CAS multiframe; held high 


frame Sync during frame 0. 


Receive Signaling Extracted time slot 16 data, updated on rising edge of RCLK. 
Data 
Receive Signaling High during time slot 16 of every frame. Low otherwise. 
Time slot 


Receive CRC4 | Low-high transition indicates start of CRC4 multiframe. Held high 
Sync | during CRC4 frames 0 through 7 and held low during frames 8 
through 15. 


Must be asserted inne device power-up and when nee to/ 
from the Hardware mode. | 


Receive Positive | Receive Bipolar Data Inputs are sampled on the falling edge of 





STS 


RCSYNC 





34] 38 RPOS 


and Negative | RCLK. 
Inputs 


35 | 39 RNE 


Ww 
Q 
m 





Receive Carrier 
Loss Low-high transition indicates loss of carrier. 
Receive Bipolar | Receive Bipolar Violation pulses high during detected bipolar 
Violation violations. 
Receive Frame | Receive Frame Error pulses high when frame alignment, CAS 
Error multiframe alignment or CRC4 words are received in error. 


Receive Loss of | RLOS indicates synchronizer status: high when frame, CAS and/or 


WwW 
oO 
< 


Ww wo (ee) ww wo tN tv tN NO NO 
> & & Ww oe) oe) we) we 
ie) a oS ~~] BSN uo to ped S 


CRC4 multiframe search underway; low otherwise. 


39 RLOS 
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Table 5: LXP2181AP (PLCC Package) Receive Sync Indicator Pin Descriptions' 


PLCC 
ti 
Pin# | om fe} wm | ical uba 


Receive Multi- | Indicates Receive Multiframe Search Active. Transitions high when 
' Frame Search the synchronizer searching for the CAS multiframe alignment word 
Active | 18 activated. 


Receive Frame | Indicates Receive Frame Search Active. Transitions high when the 
‘Search Active | synchronizer searching for the FAS is active. 


Receive CRC4 | Indicates Receive CRC4 Time-Out. : Transitions high when the 
Counter Time- RCTO counter reaches its maximum count of 32. Returns low when: 
Out (1) LXP2181A reaches CRC4 multiframe synchronization; 

(2) CRC4 is disabled via CRC.2; or 

(3) LXP2181A is issued a hardware reset via the RST pin. 


Receive CRC4 Indicates Receive CRC4 Search Active. Transitions high when the 
Search Active synchronizer searching for the CRC4 multiframe alignment word is 
| active. 





' These pin descriptions apply only to the LXP2181AP (PLCC package), and only when the device is operating in the normal 
mode. These pins are tri-stated during the 2181 Emulation mode. 


Table 6: Register Summary 


aa 0000 <a Receive Interrupt Mask Register. Allows masking of alarm generated interrupts. 


RSR 0001 SR Receive Status Register. Reports all receive alarm conditions. 


Bipolar Violation Count Register. 8-bit presetable counter which records 
individual bipolar violations. 














CRC4 Error Count Register. 8-bit presetable counter which records individual 
CRC4 errors. 


Frame Error Count Register. 8-bit presetable counter which logs individual errors 
in the received frame alignment signal. 







| Common Control Register. Establishes additional operating characteristics 
common to both transmit and receive sides. 











Transmit Idle Registers. Designate which outgoing time slots are to be substituted 
with idle code. 





Transmit International and National Register. When enabled via the TCR, 
contents are inserted into the outgoing national and/or international bit positions. 


' Transmit or Receive side register. 
2 RSR isa read-only register. All other registers are read/write. 
> Reserved bit locations i in control registers should be programmed to 0, to maintain compatibility 


with future roducts. SLEVEL 
oo ae | oe te ONE: 


Operating Modes 


The LXP2181A operates in either the Host ‘mode or the 


Hardware mode. In the Host mode pins 14 through 18 
comprise a microprocessor/microcontroller compatible se- 
rial port which can be used for device configuration, control 
and status monitoring. 


In the Hardware mode no offboard processor is required. 
Pins 14 through 18 are reconfigured into "Hardwired" select 
pins. 


Host Mode - Serial Port Interface 

Pins 14 through 18 of the LXP2181A serve as a micropro- 
cessor/microcontroller compatible serial port. Fourteen on- 
board registers (refer to Table 6) allow the user to update 
operational characteristics and monitor device status via a 
host controller, minimizing hardware interfaces. Port read/ 
write timing is unrelated to the system transmit and receive 
timing, allowing asynchronous reads and/or writes by the 
host. The timing set is identical to that of "8051 type" 
microcontrollers operating in serial port mode 0. For proper 
operation of the port and the transmit and receive registers, 


the user should provide TCLK and RCLK as well as SCLK. 


Address/Command Byte | 

An address/command byte (ACB) must precede any read or 
write of the port registers. As shown in Figure 2, the first bit 
(LSB) of the address/command word specifies register read 


or write. The following 4-bit nibble identifies the register _ 


address. The next two bits are reserved and must be set to 
zero for proper operation. The last bit of the address/ 
command word enables burst mode when set; the burst mode 
causes all registers to be consecutively written or read. Data 
is written to and read from the port LSB first. 


Figure 2: Address/Command Byte (ACB) 










~ ACB.O 






Figure 3: Serial Port Read/Write 


Address/Command 





(LEVEL 
[Bon ONE @ 


(MSB) LSB 
[em | - | = [Aoos | apna | apo1 | app [ Rw 


Burst Mode. If set (and ACB.1 sesiet ACB. 4 = (0) burst read or write is enabled. 
Reserved. Must be set to 0 for proper operation. 


Reserved. Must be set to 0 for proper operation. 


Symbol Position Name And Description 
BM ACB.7 
- ACB.6 

= ACB.5 
ADD3 ACB.4 MSB of register address. 
ADDO ACB. 1 LSB of register address. 


Read/Write Select. 0 = write addressed register. 1 = read addressed register. 


e Kf i Spl ee 
so.s00  KanXeadXeodXeodXood= Xo Xam XXX XK XE XH K 2, $DO update 
A 
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Chip Select and Clock Control = 

All data transfers are initiated by driving the CS input low. 
Input data is latched on the rising edge of SCLK and must be 
valid during the previous low period of SCLK to prevent 
momentary corruption of register data during writes. Data 
is output on the falling edge of SCLK and held to the next 
falling edge. All data transfers are terminated and SDO is 
tristated when the CS input transitions high. 

Clocks 

To access the serial port registers both TCLK and RCLK are 
required along with SCLK. Transmit and receive registers 
are internally accessed by TCLK and RCLK, respectively. 
The CCR is considered a receive register for this purpose. 


Data /O 

Data I/O timing is shown in Figure 3. Following the 8 SCLK 
cycles that input a Write address/command byte, data at SDI 
is strobed into the addressed register on the rising edges of 
the next 8 SCLK cycles. Following a Read address/com- 
mand word, contents of the selected register are output at 
SDO on the falling edges of the next 8 SCLK cycles. The 
SDO pin is tristated during device write, and may be tied to 
SDI in applications where the host processor has a bidirec- 
tional I/O pin. 


Burst Mode . | 
The burst mode allows all on-chip registers to be consecu- 
tively read or written by the host processor. This feature 
minimizes device initialization time on power-up or system 
reset. Burst mode is initiated when ACB.7 is set and the 
address nibble is 0000. All registers must be read or written 
during the burst mode. If CS transitions high before the. 
burst is complete, data validity is not guaranteed. 







on rising edge 
of SCLK. | 


-on falling edge 


Data Input/Output of SCLK. 
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E1 Frame Structure 
The E1 frame is made up of 32 8-bit channels (time slots) 


-. numbered from 0 to 31. The frame alignment signal in bit 


positions 2 thru 8 of time slot 0 of every other frame is 
independent of the various multiframe modes described 
below. Outputs TAF and RAF indicate frames which con- 
tain the alignment signal. Time slot 0 of frames not contain- 
ing the frame alignment oe is used for alarm and national 
data. 


Multiframe Signaling Modes 


El networks support Channel Associated Signaling (CAS) : 
or Common Channel Signaling (CCS). These signaling 


modes are independently selectable for transmit and receive 


_ sides. Bit 5 of the Transmit Control Register (TCR), shown 


Figure 4: Transmit Control negistes 
(MSB) 


in Figure 4, controls transmit signaling mode. The Receive — 
Control Register (RCR) controls. receive side signaling 
mode. : 


CAS Mode . | | 

CAS (selected when TCR.5 = 0 and/or when RCR.5 = 0) is 
a bit oriented signaling technique which utilizes a 16 frame 
multiframe. The multiframe alignment signal (0-hex), extra 
and alarm bits occupy time slot 16 of frame 0. Time slot 16 
of the remaining 15 frames is reserved for channel signaling 
data. Four signaling bits (A, B, C and D) are transmitted 
once per multiframe as shown in Figure 8. CAS output 
format is shown in Figure 9. Input TMSYNC establishes the 


transmitted CAS multiframe position. Signaling data may 
~ be sourced from input TSD (TCR.6 = 1 ) or multiplexed into 


TSER (TCR.6 = 0). 


(LSB) 


tuat [738 raw [wes [wes | was | reat [oom 


Sane Position 


TUAL — TCR.7 


TSS TCR.6 


Name And Description 


_ Transmit Unframed All 1s. 0 = Normal Operation. 
1 = Replace outgoing data at TPOS and TNEG with unframed all 1's code. 


_ Transmit Signaling Select!. 0 = Signaling data embedded in the serial bit 


stream is sampled at TSER during time slot 16. 1 = Signaling data is channel 
associated and sampled at TSD as shown in Table 6. 


_ Transmit Signaling Mode!. 0 = Channel Associated Signaling (CAS) 
1 = Common Channel Signaling (CCS) | 


International Bit Select. 0 = Sample international bit at TIND. 
1 = Outgoing international bit = TINR.7. 


National Bit Select. 0 = Sample national bits at TIND. | 
1 = Source outgoing national bits from TINR.4 through TINR.0. 


Extra Bit Select. 0 = Sample extra bits at TXD. 
1 = Source extra bits from TXR.0, TXR.1 and TXR.3. 


Transmit Signaling All 1's. 0 = Normal Operation. 
1 = Force contents of time slot 16 in all frames to all 1's. 


- Output Data Mode. 0 = TPOS and TNEG outputs are 100% duty cycle. 
1 = TPOS and TNEG outputs are 50% duty cycle. 





1 ‘When the Common Channel Signaling eae, mode is enabled (TCR.5 = 1), the TSD input is disabled internally; all time slot 16 


data is sampled at TSER. 


2-210 


SLEVEL 
(CONE on 





CCS Mode | 

CCS (selected when TCR.5 = 1 and/or when RCR.1 = 1) 
utilizes all bit positions of time slot 16 in every frame for 
“message oriented” signaling data transmission. In CCS 
mode one can use either time slot 16 or any one of the other 
30 data channels for message oriented signaling. The CCS 
mode has no multiframe structure and the insertion of CAS 
multiframe alignment, distant multiframe alarm and/or extra 
bits into time slot 16 is disabled. TSER is the source of time 
slot 16 data. 


CRC4 Coding 


The need for enhanced error monitoring capability and 


additional protection against emulators of the frame align- 
ment word has let to the development of acyclic redundancy 
check (CRC) procedure. Receive and transmit side CRC 
modes are enabled by bits 2 and 3, respectively, of the 
Common Control Register (CCR) shown in Figure 5. When 


Figure 5: Common Control Register’ 
(MSB) 
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enabled, CRC4 coding replaces the international bit posi- 
tions in frames 0 thru 12 and 14 with a CRC4 multiframe 
alignment pattern and associated checksum words. The 
CRC4 multiframe must begin with a frame containing the 
frame alignment signal (CCR.6 = 0). A rising edge at 
TMSYNC establishes the CRC4 multiframe alignment 
(TMSYNC will also establish outgoing CAS multiframe 
alignment if enabled via TCR.5). 


Incoming CRC4 multiframe alignment is indicated by 
RCSYNC. Detected CRC4 checksum errors are reported at 
Output RFER and logged in the CECR. 


Receive Synchronizer 

The fixed characteristics of the receive synchronizer may be 
modified by use of programmable characteristics resident in 
the CCR and in the Receive Control Register (RCR) shown 


. in Figure 6. Sync criteria must be met before synchroniza- 


(LSB) 


- = [rare [woe [rave [ree [ree [ew [ us 


Symbol Position 
CCR.7 


CCR.6 


Name And Description 


Reserved. Must be set to 0 for proper operation. 


Transmit Align Frame Position’. When clear, the CAS multiframe begins 


with a frame containing the frame alignment signal. When set, the CAS 
multiframe begins with a frame not containing the frame alignment signal. 


Transmit HDB3 Enable. 0 = Outgoing data at TPOS and TNEG is AMI 
coded. 1 = Outgoing data at TPOS and TNEG is HDB3 coded. 


Receive HDB3 Enable. 0 = Incoming data at RPOS and RNEG is AMI 
coded. 1 = Incoming data at RPOS and RNEG is HDB3 coded. 


Transmit CRC4 Enable. When set, outgoing international bit positions in 
frames 0 through 12 and 14 are ie aa by CRC4 multiframe alignment and 


checksum words. 


Receive CRC4 Enable. 0 = Disable CRC4 multiframe synchronizer. 
1 = Enable CRC4 synchronizer, search for CRC4 multiframe alignment once 


frame alignment complete. 


2181 Emulation Mode. 0 = 2181 Emulation Mode. 1 = Normal Operation. 


Local Loopback. 0 = Normal Operation. | 
1 = Internally loop TPOS, TNEG and TCLK to RPOS, RNEG and RCLK. 


' CCR is considered a receive register and operates from RCLK and SCLK. 
* This bit must be cleared when CRC4 multiframe mode is enabled (CCR.3 = 1); its state does not affect CCS framing (RCR.5 = 1). 


(ce tvet 
ae oe a 
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tion is declared. Resync criteria establish error occurrences 


which will cause an auto-resync event when enabled 


(RCR.1= 0). 


As shown in Figure 7, the receive synchronizer searches for. 


the frame alignment signal (FAS) first. Once identified, the 
- output timing set associated with the framing pattern (all 
outputs except RCS YNC) is updated to that new alignment. 
If enabled, the synchronizer then begins CAS and/or CRC4 
multiframe search, outputs RMSYNC and/or RCSYNC are 
then updated. Output RLOS is held high during the entire 


resync process, then transitions low after the last output © 


timing update indicating resync is complete. Figure 7 also 
shows the four synchronizer activity indicators available 
~ only onthe LXP2181AP (PLCC package). Refer to Table 5. 


Fixed Frame Sync Criteria 

Valid frame sync is assumed when the correct frame align- 
ment signal is present in frame N and frame N+2 and not 
present in frame N+1 (Bit 2 of Time slot 0 of Frame N+1 is 


Figure 6: Receive Control dost 
(MSB) 


also checked for “1”), CAS and/or CRC4 multiframe 
alignment search is initiated when the frame search is — 
complete if enabled via RCR.5 and/or CCR.2. 


Fixed CAS Multiframe Sync Criteria 

CAS multiframe sync is declared when the multiframe 
alignment pattern is properly detected and time slot 16 of the 
previous frame contains code other than zeros.. When op- 
erating in the 2181 emulation mode, frame search is re- 
started if no valid pattern can be found in 12 to 14 ms. 


Fixed CRC4 Multiframe Sync Criteria 

CRC4 multiframe sync is declared if at least two valid CRC4 
multiframe alignment signals are found within 8 ms after 
frame alignment is completed. If not found within 8 ms, 
frame search is restarted. The search for multiframe 
alignment signal is performed in time slot 0 of frames not 
containing the frame alignment signal.. When operating in 
the 2181 emulation mode, CRC4 multiframe search timeout 
is extended from 8 ms to between 12 and 14 ms. 


(LSB) 


= [= [rent [ense [owe [re [sre [nese 


Symbol . Position 
_ RCR.7 
RCR6 


RCR.5 


-Name And Description 


_ Reserved, must be set to 0 for proper operation. 


Reserved, must be set to 0 for proper operation. 


Received Signaling Mode. 0 = Channel Associated Signaling (CAS) 


1 = Common Channel Signaling (CCS). 


RCR.4 


CAS Multiframe Sync Criteria. 0 = Declare sync when fixed Sync criteria 


are met. 1 = Declare sync when fixed criteria are met and two additional 
consecutive valid multiframe alignment signals are detected. 


CAS Multiframe Resync Criteria. 0 = Utilize only fixed sync criteria. 
1 = Resync if fixed criteria met and/or if two consecutive time slot 16 words 
have values of zero in the first four MSB positions (OO0Oxxxx). 


Frame Resync Criteria. 0 = Utilize only fixed Tesync Criteria. 
Ks Resyne if fixed criteria met and/or if bit 2 in time slot 0 of non- align 
frames is received in error on three consecutive occasions. 


SYNCE 


RESYNC 


Sync Enable. If clear, the transceiver will automatically begin a resync if 
error Criteria are met. If set, no auto resync occurs. 


_Resync. When toggled low to high, the receive synchronizer will initiate 


resync immediately. The bit must be cleared, then set again for subsequent 


resyncs. 
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Fixed Frame Resync Criteria 

When enabled via RCR.1, the device will automatically 
initiate frame search whenever the frame alignment word is 
received in error three consecutive times. 


Fixed CAS Multiframe Resync Criteria 
When enabled via RCR.1, the device will automatically 
initiate frame search whenever two consecutive CAS multi- 
frame alignment words are received in error. 


Fixed CRC4 Multiframe Resync Criteria 

When enabled via RCR.1, the device will automatically 

initiate frame search whenever 85 or fewer individual CRC4 

bits of the last 1000 CRC4 words are received without error. 

Even when the incoming CRC4 code words are random data, 
the probability that 85 bits are good out of 1000 words is 


Fi 





| 2181 Emulation 
12-14 ms 
Time-Out 


Increment . | CRC4 Multiframe Search 
(if Enabled via CCR.2) 
RCSA = 1 * 


8 ms 


RCTO* 
1 Time-Out 


Counter 


ure 7: Receive Synchronization Flowchart 
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almost 100%. The threshold for the CRC4 Multiframe 
Resync Criteria is chosen such that under most circum- 
stances it will not be triggered. (dn the 2181 Emulation 
mode, the resync criteria is relaxed to 64 out of 1024 words.) 


When the LXP2181A is used with a processor, the user may 
choose his own threshold by using the on-chip CRC4 Error 
Count Register (CECR). There can be only one possible 
CRC4 word error per ms, so the counter can be used to 
monitor errors for a maximum period of 255 ms before 
possible saturation. This period can be extended, for ex- 
ample, by reading the CECR every 200 ms, clearing it, and 
accumulating the error count in a host microcontroller. Five 
such reads would establish a one second monitoring period. 
For example, a threshold of 700 CRC4 word errors in a one 
second monitoring period can be set this way. The resync 


Power Up 
or Reset 





RLOS = 1 


meme 


FAS Sync 
Criteria Met 
RFSA =0* 
CAS Multiframe Search 
(if Enabled via RCR.5) 
(Depends on RCR.4) 
RMSA = 1 * 





Resync if 
RCR.1=0 


Set 
FSERR 
(RSR.3) 


CRC4 
. Resyne 
Criteria Met 


CAS Resyne 
Criteria Met 


Set MFSERR 


(RSR.2) 


LEVEL 
ONE @ 


i 


CRC4 Sync Criteria Met; 
Reset RCTO Counter 
RCSA = 0 * 


FAS 
Resyne 
Criteria Met 


Check for FAS Framing 
Error (Depends on 
RCR.2) 


Check for =>915 Out of 
1000 CRC4 Word Errors On 


CAS Sync Criteria Met 
RMSA = 0 * 


if CRC4 is 


(CCR.2 = 1) 


- Check for CAS MF 
Word Error 
(Depends on RCR.3) 


If CAS is On 
(RCR.5 = 0) 





* The RFSA, RMSA, RCSAandRCTO 
indicators are available only on the 
LXP2181AP (44-pin PLCC pack- 
age). These pins are three-stated 
during 2181 Emulation Mode. 
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process can be manuatly initiated using bit position 0 in the 
Receive Control Register (RCR.0). 


For hardware: mode applications of the LXP2181A, the 
RFER pin may be used with RCS YNC pin to demultiplex the _ 


CRC4 word errors. Errors are then counted externally. The 
resync process can be manually initiated using the Reset pin. 


CAS Signaling Source | 

CAS applications sample signaling data at TSER when 
TCR.6 = 0; an on-chip data multiplexer accepts CAS data 
input at TSD when TCR.6 = 1. Refer to Table 7 and Figure 
8 for TSD input timing. The data multiplexer must be 
disabled (TCR.6 = 0) when the CCS mode is enabled 
(TCR.5 = 1). The CAS output format is shown in Figure 9. 


Transmit International and National Data 

Bit 1 of time slot 0 in all frames is known as the international 
bit. When TCR.4 = 1, the transmitted international bit is 
sourced from TINR.7 (see Figure 10). When TCR.4 = 0, the 
transmitted international bit is sampled at TIND during the 
first bit period of each frame. The international bit positions 
in all outgoing frames except 13 and 15 are replaced by 
CRC4 codewords and the CRC4 multiframe alignment 
signal when CCR.3 = 1. | 


Bits 4 thru 8 of time slot 0 in non-align frames are reserved 
for national. use. When TCR.3 = 1, the transmitted national 
bits are sourced from register locations TINR.4 thru TINR.O. 
If TCR.3 = 0, the national bits are sampled at TIND during 
bit times 4 thru 8 of time slot 0 in non-align frames. 


Figure 8: TSD Input Timing 


pot | peek | jee — 


Reserved bit positions in the TINR must be set to 0 when 
written; those bits may be 0 or 1 when read. 


Transmit Extra Data 

In the CAS mode, time slot 16 of frame 0 contains the 
multiframe alignment pattern, extra bits and the distant 
multiframe alarm. When CAS is enabled (TCR.5 = 0), the 


Table 7: TSD Input Timing (TCR.6 = 1; TCR.5 = 0) 


Time Slot Signaling Data 
Sampled at TSD 
iaaecaiig: cainoueesd 
| 
3 


18 
19 
20 
21 
22 
23 
24 





See: 5: Rane 
Seana aS 


' A, B, C and D signaling data is sampled on the falling edges 
of TCLK during bit times 5, 6, 7 and 8 of time slots indicated. 
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Frame 1 
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Sampled for___, | 
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Figure 9: CAS Output Format in Time Slot 16 


Frame 0' Frame 1 


ABCD for 
time slot 1 


0000 XYXX 


ABCD for 
time slot 17 


LLELELILLIXR XXXL | 


Time Slot 18 


Frame 15 


ABCD for 
time slot 31 


ABCD for 
time slot 15 





1 Time slot 16 of Frame 0 is reserved for the multiframe ali gnment word (0000), distant multiframe alarm (Y) and extra 


bits (X- oe 
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Figure 10: Transmit oemetene and National dc lal 
(MSB) pn 


Symbol Position Name And Description 


INB TINR.7 International Bit. Inserted into the outgoing data stream when TCR.4 = 1. 


~ TINR.6 Reserved, must be set to 0 for proper operation. 


TINR.5 Transmit Remote Alarm. 
0 = Normal Operation; bit 3 of time slot 0 in non-alignment frames clear. 
1 = Alarm Condition; bit 3 of time slot 0 in non-alignment frames set. 





Transmit National Bits. 
Inserted into the outgoing data stream at TPOS and TNEG when TCR.3 = 1. 





Figure 11: Transmit Extra Register 
(MSB) (LSB) 
p= | = | = | = | xet | toma | xe2 | x3 
Symbol Position Name And Description | 


TXR.7 Reserved, must be set to 0 for proper operation. 
TXR.6 Reserved, must be set to 0 for proper operation. 
TXR.5 Reserved, must be set to 0 for proper operation. 
TXR.4 Reserved, must be set to 0 for proper operation. 


TXR.3 Extra Bit 1. 

TXR.2 Transmit Distant Multiframe Alarm 
0 = Normal Operation; bit 6 of time slot 16 in frame 0 clear. 
1 = Alarm condition; bit 6 of time slot 16 in frame 0 set. 
Extra Bit 2. 


Extra Bit 3. 





Figure 12: Transmit Idle Registers 
(MSB) (LSB) 


[oe _[ vee _[ vee_[ vo [ves vee [em 


TIR4 


Symbol Position Name And Description 


TS31 TIR4.7 Transmit Idle Registers. Each of these bit positions represents a time slot in | 
the outgoing stream at TPOS and TNEG. When set, the contents of et 
TSO TIR1.0° time slot are forced to idle code (11010101). 


‘(te mie De : 
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extra bits (see Figure 11) are sourced from TXR.0, TXR.1 — 


and TXR.3 (TCR.2 = 1 ) or the extra bits are sampled 
externally at TXD during the extra bit time (TCR.2 =0). The 
extra bits, alignment pattern and alarm signal are not utilized 
in the CCS mode (TCR.5 = 1), input TSER “overwrites” all 
time slot 16 bit positions. 


Reserved bit positions in the TXR must be set to 0. when 
written, those bits may be 0 or 1 when read. 


Figure 13: Transmit Multiframe Timing 





Note 1 


Note 2 


Frame # 15]0 |1 |2|3 |4 |5 [6 |7 [8 |9 10111 [12] 13 [14|15 | o | 
Tmsync {LL 

To f Le 
trsync {l/l SIL__._fl_f__ A _ 
es Hee dee ee ee ee ee ae ee 
TAR a el he eT. 


Transmit Timing 

A low-high transition at TMSYNC once per multiframe 
(every 2 ms) or at a multiple of the multiframe rate estab- 
lishes outgoing CAS and/or CRC4 multiframe alignment. 
Output TMO indicates that alignment. A low-high transition 


at TFSYNC at the frame rate (125 1s) or at a multiple of the 


frame rate establishes the outgoing frame position. Output 
TAF indicates that alignment. 









' Alignment frames are "even" frames of the CAS and/or CRC4 multiframes (CCR.6 = 0). 
? Alignment frames are "odd" frames of the CAS multiframe (CCR.6 = 1). 


Figure 14: Transmit Multiframe Boundary Timing 


TCLK 


TMSYNC 
TFSYNC 
Note 1 


TMO 
Note 1 


TCHCLK 


TAF 
Note 2 


TSER 


|}~«——Time stot 31 ————»>+—Time slot o | 
Sn ae 15> |__——Frame SS 


Teos) XX XX KKK XK KKK KKK NO 
ses lin 


Note 3 Time Slot.30 


Time Slot 31 —_—_—_—_>|—Time Slot 0 
Frame 1 5——_ >| Frame 0 





' Low-high transitions on TMSYNC and/or TFSYNC must occur one TCLK period early with respect to actual frame and multiframe 
boundaries. TMO follows the rising edge of TMSYNC or TFS YNC. 


* TAF transitions on true frame boundaries. 
3 Delay from TSER to TPOS, TNEG is five TCLK periods. 
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TMSYNC and/or TFSYNC may be tied low by the user,in Table 8: Receive Signaling. 


which case the arbitrary frame and multiframe alignment : 
RSD' Valid During Time Slot # 





























established by the device will be indicated at TMO and TAF. 


Output TAF also indicates frames containing the frame 
alignment signal. Those frames may be “even or odd” 
numbering frames of the outgoing CAS multiframe 
(CCR.6). 


en) Les 
Receive Signaling 
Receive signaling datais available attwo outputs; RSER and 
RSD (see Figure 16). RSER outputs the signaling data in 
time slot 16. The signaling data is also extracted from time ee 
slot 16 and presented at RSD during the time slots shown in 


Table 8. 





Notes: Applicable only to CAS systems. 

' RSD is valid for the least significant nibble in each indicated 
time slot. Time slot A data appears in bit 5, B in bit 6, C in bit 
7, and D in bit 8. | 

2 RSD does not output valid data during time slots 0 and 16. 


Figure 15: Transmit Signaling Time Slot Timing 
TCHCLK | | | | i | 


TSTS | | | 
——Time Slot 15 > Time Slot 1s ————»>+—Time Slot 17 ———— 


7 
10 | 
11 
12 
13 
14 
15 

















Figure 16: RSD Timing 


[«—_________Time Slot 1 | }«—_______Time Slot 1g_—________»| 
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Receive Timing | 
The receive side output timing set is identical to that found 
on the transmit side. The user may tie receive outputs 
directly to the transmit inputs for "drop and insert" applica- 
tions. The received data at RPOS and RNEG appears at 
RSER after six RCLK delays, without any change except for 
the HDB3 to NRZ conversion when HDB3 is enabled. 


Figure 17: Receive Multiframe Timing 


Alarm Reporting and Interrupt Servicing 

Alarm and error conditions are reported at outputs and the 
RSR. Use of the RSR and error count registers simplifies 
system error monitoring. The RSR may be readin one of two 
ways; a burst read does not disturb the RSR contents, a direct 
read will clear all bits set in the RSR unless the alarm 
condition which set them is still active. 


Frame# 15/0 [1 [2 |3 |4|5 |e [7] 8 | 9 [10 [11 [12 [13 [14 [15] 0 | 
rrsyne __{1_fL_ JL JL IL ILILIL ILI LILI LLL LL 
NR ET stmmnsineritinesetniedeumiennnenacmnunyeiont: 


Note { 





' The CAS multiframe may start with an align or non-align frame. The CRC4 multiframe always starts with an align frame. 


Figure 18: Receive Multiframe Boundary Timing 


—__—_—_>|«—_—_—_—Time Slot o———___>|_——Time Slot 1 


—_——_—>|=—_—_—_—\Frame 0 


RCLK | | | | | | | | | | | | | | | | | | | | [| | | | | | | | | | | | | | | 


RFSYNC 
Note 1 


RCHCLK 


[ er: Pee an: Dee ae 


RMSYNC | | 


RCSYNC 


RAF _ ‘a 


Note 2 


}—————Time stot 31 ————»}—_—Time Slot o———_>| 
Se RIMS a FG 


' Low-high transitions on RMSYNC and RFSYNC occur one RCLK period early with respect to actual frame and multiframe 


- boundaries. 
2 RAF transitions on true frame Boundaries: 
> Delay from RPOS, RNEG to RSER is six RCLK periods. 
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Interrupts are enabled via the RIMR and are generated 
whenever an alarm or error condition sets an RSR bit. The 
host controller must service the transceiver in order to clear 
an interrupt condition. Clearing the appropriate RIMR bit 
will unconditionally clear an interrupt. 


Error Logging 

The BVCR, CECR and FECR contain 8-bit binary up count- 
ers which increment on individual bipolar violations, CRC4 
code word errors (when CCR.2 = 1 ), and word errors in the 
frame alignment signal. Each counter saturates at255. Once 
saturated, each following error occurrence will generate an 
interrupt (RIMR.0= 1 ) until the register is reprogrammed to 
a value other than FF (hex). Presetting the registers allows 
the user to establish specific error count thresholds; the 


Figure 19: Receive Status Register (RSR) 
(MSB) 





counter will count “up” to saturation from the preset value. 
The BVCR increments at all times (regardless of sync 
status). CECR and FECR increments are disabled whenever 
resync is in progress (RLOS high). 


Alarm Outputs | 

Alarm conditions are also reported in real time at alarm 
outputs. These outputs may be used with off-chip logic to 
complement the on-chip error reporting capability of the 
LXP2181A. In the Hardware mode, they are the only alarm 
reporting means available. 


RLOS 


The RLOS output indicates the status of the receive synchro- 
nizer. When high, frame, CAS multiframe and/or CRC4 


(LSB) 





[pra | noma | sat | puat | Fsenn [wrsenr] pos | ecs | 


Symbol 


Position Name And Description 


RRA RSR.7 Receive Remote Alarm. Set when bit 3 of time slot 0 in non-align frames set 


for three consecutive non-align frames. 


Receive Distant Multiframe Alarm!. Set when bit 6 of time slot 16 in frame 
O set for three consecutive multiframes. 


RDMA  RSR.6 


RSAI RSR.5 Receive Signaling All "1"s. Set when contents of time slot 16 have been all 


"1"s for two consecutive frames. 


RUAI RSR.4 


Receive Unframed All "1"s. Set when <3 bit positions of the last align and 
non-align frames received have been 0. , 


FSERR RSR.3 Frame Resync Criteria Met. Set when the Frame Error Criteria is met, also 


the Frame Resync is initiated if RCR.1 = 0. 


MFSERR_ RSR.2 CAS Multiframe Resync Criteria Met. Set when the CAS multiframe error 


Criteria is met, also the Frame Resync is initiated if RCR.1 =0. 
RLOS 


RSR.1 Receive Loss of Sync. Set when resync is in progress. 


ECS RSR.O Error Count Saturation. Set when any of the on-chip counters at FECR, 


CECR or BVCR saturates. 





! When in the CCS mode, the RDMA flag bit and the RDMA pin have no significance. It will be set when bit 6 of time slot 16 in 
frame 0 is set for three consecutive multiframes in either CAS or CCS mode. 
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multiframe synchronization is in progress. A high-low 
transition indicates resync is complete. The RLOS bit 
(RSR.1 ) is a “latched” version of the RLOS output. 


RRA 

_ The remote alarm output transitions high when a remote 
alarm is detected. A high-low transition indicates the alarm 
condition has been cleared. The alarm condition is defined 
as bit 3 of time slot 0 set for three consecutive non-align 
frames. The alarm state is cleared when bit 3 has been clear 
for three consecutive non-align frames. The RRA bit 
(RSR.7) is a “latched” version of the RRA output. 


RBV 

RBV outputs one RCLK pulse when the accused bit emerges 
at RSER: RBV will return low when RCLK goes low, and 
RBV pin bipolar violations are logged in the BVCR. The 


RBV pin provides a pulse which can be counted externally 
for every violation. | 


RDMA | 

RDMaA transitions high when bit 6 of time slot 16 in frame 
0 is set for three consecutive occasions and returns low when 
the bit is clear for three consecutive occasions. The RDMA 
bit (RSR.6) is a “latched” version of the RDMA output. 


RCL 
Transitions high after 32 consecutive “Os” appear at RPOS 


and RNEG, goes low at next "1" occurrence. 


RFER 


The RFER output transitions high when received frame 
alignment, CAS multiframe alignment and/or CRC4 code 
words are in error. The FECR and CECR log error events 


Figure 20: Receive Interrupt Mask Register (RIMR) 


(MSB) 


(LSB) 


[pra | ppwa | psat | nuai | FsenR [msenn| RLos | ECS 


Symbol Position 


RRA RIMR.7 
RDMA 
RSAI 
RUAI 
FSERR 


RIMR.3 


MFSERR RIMR.2 


RLOS RIMR.1 


ECS RIMR.O 
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Name And Description 


_ Receive Remote Alarm. | 
| =Interrupt Enabled. 0 = Interrupt Masked. — 


Receive Distant Multiframe Alarm. - 


= Interrupt Enabled. 0 = Interrupt Masked. 


Receive Signaling All "1"s. 


1 = Interrupt Enabled. 0 = Interrupt Masked. 


Receive Unframed All "1"s. 


1 = Interrupt Enabled. 0 = Interrupt Masked. 


Frame Resync Criteria Met 


1 =Interrupt Enabled. 0 = Interrupt Masked. © 


CAS Multiframe Resync Criteria Met. 


= Interrupt Enabled. 0 = Interrupt Masked. 


Receive Loss of Sync. 


1 = Interrupt Enabled. Q = Interrupt Masked. 


Error Count Saturation... 


1 = Interrupt Enabled. 0 = Interrupt Masked. 








SLEVEL 
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reported at this output. FECR logs only the Frame Align- 
ment errors. CECR logs CRC4 code word errors. 


To complement the on-chip error logging capabilities of the 
LXP2181A, the system designer may use off-chip logic 
gated by receive side outputs RCHCLK, RAF, RSTS and 
RCSYNC to demux error states present at RFER. 
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Reset —_ 

A high-low transition on RST clears all internal registers 
except the three error counters; aresync is initiated until RST 
returns high. RST must be held low on system power-up and 
when switching to/from the Hardware mode. Following 
reset, the host processor should update all on-chip registers 
to establish desired operating modes. 


Figure 21: Bipolar Violation Count Register (BVCR) | 


(MSB) 


(LSB) 


Symbol Position 


BVD7 BVCR.7 


BVDO BVCR.0 


Figure 22: CRC4 Error Count Register (CECR) 


(MSB) 





Name And Description 


MSB of bipolar violation count. 


LSB of bipolar violation count. 


(LSB) 


[ener | encs | eres | ence | cncs | ence | cnt | cece 


Symbol Position 


CRC7 CECR.7 


CRCO CECR.O 


Figure 23: Frame Error Count Register (FECR) 


(MSB) 


LSB of CRC4 error count. 





Name And Description 


MSB OF CRC4 error count. 


(LSB) 


| Fer | res | res | Fes | res | rez | Fer | Feo 


Symbol Position |§ Name And Description 


FE7 FECR.7 


FEO FECR.O 
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LSB of frame error count. 





MSB of frame error count. 
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Figure 24: RFER Output Timing for All Error Conditions 


RFSYNC. i IL | 
mer | LI LI LILI LILI LJ LI LU UL 
musync___ | | ——“—si‘“‘ SUULUdT ULL 


rncsrnc_ CdS ati (twtstsé‘i‘< MW 


4 
RFER 





Figure 25: CAS Multiframe Alignment Error 


ree 1 LI LI LI LJ LI LI LI LI LI LI LI 
menetk. dS kwtt~<‘i‘<‘OSOC‘;CNNNUUULULULULULULULULULULULUM 
RSTS ee | | LO 


RFER 
Note 1 





Figure 26: | CRC4 Sub-Multiframe 2 Errored 
mux | LI LILI LU LU WU UW UL 
RCHCLK oiented 9 9 Ripening 
mrsync_ | lL ——Ci‘“Csi‘“‘“‘“‘“‘(‘C; 
RAF a) | Oo 
Resync______ | _ ee | | 
rer — | Li 


Note 2 


Notes for Figures 24 through 28 

' CAS multiframe alignment word received i in error, RFER will transition high at first error occurrence and remain high as shown. 
2 Previous CRC4 sub-multiframe 2 errored. : 

3 Frame alignment word errored. 

* Previous CRC4 sub-multiframe errored. 
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Figure 27: Frame Alignment Word Errored 


pete a ee Ll ee La a os) a 
rmnek | tt t;tt~<—s~s—s~iSC SSC Ssi‘(‘(‘“ 
BN aU 
RAF res 

RFER Se lige 


Note 3 









Figure 28: CRC4 Sub-Multiframe 1 Errored 
pei a) Le eee el ee Le bl ea 
RCHCLK ee el 
mesync—] LD 


RAF eee 
RCSYNC Oe 


RFER ee ig eee eee Sane ene ee ree 


Note 4 





Notes for Figures 27 and 28 
> Frame alignment word errored. 
* Previous CRC4 sub-multiframe errored. 


Hardware Mode except those in Table 9 and redefines pins 14 thru 18 as mode 
An on-chip hardware control mode simplifies preliminary | control inputs. The mode control inputs establish the device 
system prototyping and serves applications which do not —_ operational characteristics listed in Table 9. The Hardware 
require the features of the serial port. Tying SPS low mode simplifies device retrofit into existing applications 
disables the serial port, clears all internal register locations | where control interfaces are designed with discrete logic. 


Table 9: Hardware Mode Control | 


: _ Register Location Name And Description 


TINR. 5 TRA - Transmit Remote Alarm 
Q = Normal Operation. 1 = Enable Alarm. 


TXR.2 TDMA - Transmit Distant Multiframe Alarm. 
Q = Normal Operation. 1 = Enable Alarm. 


CCR.5 / CCR.4 Data Format. 
0 = Input/output data AMI coded. 1 = Input/output data HDB3 coded. 


CCR.3/CCR.2 _ Transmit and Receive CRC4 Multiframe. 
, 0 = Disabled. 1 = Enabled. 


TCR.5/RCR5 | Transmit and Receive CAS Multiframe. 
Q= Enabled. 1 = Disabled. 
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A.C. Electrical Characteristics - Serial Port 


(unis | Test Conaionsy 
a | Chats 000F 
ws | Cho 1008F 
as | a= t06 
ws | Cha t008F 
[as | ta t00F 
= 
= 
— 
= 
= 








; 


* Measured at V,,, = 2.0V, V,, = .8V, and 10 ns maximum rise and fall time. 
Ta = -40°C to +85°C (E version); 0°C to +70°C (C version). Vpp = SV (+ 5V). 


Figure 29: Serial Port Write A.C. Timing 


{CH tR 


| toc tCDH 


CONTROL BYTE 


" Only change data when SCLK is low. 
2 Shaded regions indicate "don't care" states of input data. 








Figure 30: Serial Port Read A.C. Timing 








7 LEVEL 
2-204 -_ | (ene: 


* Serial port write must precede a port read to provide address information. 
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A.C. Electrical Characteristics - Transmit! 


[__perrnater | Sym | tan | Two? | wax | Un | Test Conatons 
Se 
Preemie with te | | 
FOLK RCHERe A RaTiaes | ay | = 









st 






oe ioe 
ee 

TSER, TSD, TIND, TXD Setup to 50 C load = 100 pF 
rang Lf | | ee 
TSER, TSD, TIND, TXD Hold to > | 50 C load = 100 pF 
rune tf | | 
TFSYNC, TMSYNC Setup to TCLK t. | 75 125 C load = 100 pF 
we Lf ee 
TFSYNC , TMSYNC Hold to TCLK _ ters | 50 15 C load = 100 pF 
we Lf ee 
Propagation Delay TCLK to TCHCLK, ti 75 C load = 100 pF 
menone | jm | | |e 


C load = 100 pF 


a 





' Measured at V,,, = 2.0V, V,, = .8V, and 10 ns maximum rise and fall time. 
Ta = -40°C to +85°C (E version); 0°C to +70°C (C version). Vpp = 5V (+ 5V). 
2 Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 


Figure 31: Transmit A.C. Timing Diagram 


tp 
\_/ 


{STO 
tHTD 


| > 
TSER, TSD, 
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TCHCLK, — 
TSTS, TMO, 
TAF 
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A.C. Electrical Characteristics Receive’ 


teens om a 


| Papeguicl Delay RCLK to CL = 100 pF 
RMSYNC, RFSYNC, RSTS, — 
RCHCLK, RAF - 

sacl ed fa il ilk 


taste an AFOapee[e f|[a cia 
rreukrois S| | | | | Cate 000 | 
PRcux use Wian wt | | | | | Chm tr 
a CN 
[aro EG Spo RGR [tue |= || | nls 

5m ee re ed 













hi 








244 


ei; 
ft 


Dm 


Propagation Delay RCLK to RLOS, C load = 100 pF 
fecevammam | element 
Minimum RST Pulse width on ee Lak 


‘ Measured at V,,, = 2.0V, V,, =.8V, and 10 ns maximum rise and fall time. 
2 Typical figures : are at 25 el and are for design aid only; not guaranteed and not ot subject to production testing. 
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Figure 32: Receive A.C. Timing Diagram 


RCLK 


RSER, RSD 


RMSYNC, RFSYNC, 
RCSYNC, RAF, 
RSTS, RCHCLK 


RCL, RBV, RLOS 


RDMA, RRA, RFER 
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1994 Communications Data Book 


@LEVEL 






Standard Product 
January 1994 


LXT901 | | | 
Universal Ethernet Interface Adapter (Internal MAU) 


Functional Features 


signed for IEEE 802.3 physical layer applications. It pro- 
_ vides all the active circuitry to interface most standard 802.3 
controllers to either the 10Base-T media or Attachment Unit  ¢ Integrated Manchester Encoder/Decoder 
Interface (AUI). In addition to standard 10 Mbps Ethernet, 
the LXT901 also supports full-duplex operation at 20 Mbps. 


¢ Integrated Filters - No External Filters Required 


¢ 10Base-T compliant Transceiver 


e AUI Transceiver 
LXT901 functions include Manchester encoding/decoding, 
receiver squelch and transmit pulse shaping, jabber, link 
testing and reversed polarity detection/correction. The Convenience Features 
LXT901 can be used to drive either the AUI drop cableorthe =. Aytomatic/Manual AUI/RJ45 Selection 
10Base-T twisted-pair cable with only a simple isolation 
transformer. No external filters are required. Selectable 
termination impedance allows the LXT901 to be used with ¢ Programmable Impedance Driver 
either shielded or unshielded twisted-pair cable. 


e Supports Standard and Full-Duplex Ethernet 





- ¢ Automatic Polarity Correction 


* Power Down Mode and four loopback modes 


The LXT901 is fabricated with an advanced CMOS process — *_ Available in 64-pin TQFP and 44-pin PLCC packages 
and requires only a single 5-volt power supply 





Diagnostic Features 

Ea, be aaa ¢ Four LED Drivers 

¢ Laptop/Palmtop portables (PCMCIA compatibles) ¢ AUI/RJ45 Loopback 

* Computer/workstation 10Base-T LAN adapter boards ¢ Remote Signaling of Link Down and Jabber conditions 
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LXT901 Universal Ethernet Interface Adapter 





Table 1: Controller Compatibility Mode Options 


Controller Mode: Setting: 
| MD1 MDO 









RLD: TPIN 
LI TPIP 
Mode 1 - For Advanced Micro eviews JAB LXT901PC OIP 
AM7990 or compatible controllers | Let (PLCC) : hia 
Mode 2 - For Intel 82586, 82596 or 7 ae aie 
compatible controllers CLKO TPOPA 
Mode 3 - For Fujitsu MB86950, MB86960 | 1 0 see er 
or compatible controllers (Seeq 8005) — AUTOSEL RJAB 
8 19 20 
Mode 4 - For National Semiconductor 8390 1 1 rZAO¥r@roas 
or compatible controllers (TI TMS380C26) COT eG RSSSKOG 
Table 2: Pin Descriptions 4 


10} VCC 1 Power Inputs | + 5 volt power supply inputs. 
7 56 | VCC 2 1, 2 and . | 

9 | VCCA ; A (TQFP only) 

CIP AUI Collision | Differential input pair connected to the AUI transceiver CI circuit. 

CIN Pair The input is collision signaling or SQE. | 
13| NTH Normal When NTH = 1, the normal TP squelch threshold is in effect. 

Threshold When NTH = 0, the normal TP squelch threshold is reduced by 4.5 dB. 

14] MDO Mode Select 0 | Mode select pins determine controller compatibility mode in accordance with 
15; MD1 Mode Select 1 | Table 1, above. . 


18} RLD Remote Link | Output goes high to signal to the controller that — remote port is in link 
Down down condition. 


natrts Link Test Enable | Controls Link Integrity Test; enabled when LI = 1, disabled when LI = 0. 
re Jabber Indicator Output goes high to indicate Jabber state. 
ff fom 


Transmit Clock A 10 MHz clock output. This clock signal should be directly connected to the 
transmit clock input of the controller. | | 


Transmit Data | Input signal containing NRZ data to be transmitted on the network. TXD is 
connected directly to the transmit data output of the controller. 





I | Transmit Enable | Enables data transmission and starts the watchdog timer. Synchronous to 


TCLK (see Figures 4, 10, 16 and 22 for details). 


Crystal A 20 MHz crystal (Mtron MP-1/MP-2) must be connected across these pins, 
Oscillator or a 20 MHz clock applied at CLKI with CLKO left open. | | 


pe 
fla 





A 
A 
ee 


Collision Detect | Output which drives the collision detect input of the controller. 


Automatic | When AUTOSEL = 1, automatic port selection is enabled (the 901 defaults to 
Port Select the AUI port only if TP link integrity = Fail). When AUTOSEL = 0, manual 
port selection is enabled (the PAUI pin determines the active port). 
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Table 2: Pin Descriptions continued 


P| T 
ELE] sym [wo] mame | Dewetnon 
c | P } 
18 | 34 | LEDR Receive LED | Open drain driver for the receive indicator LED. Output is pulled low 
| during receive. 
19 | 35 | LEDT/ Transmit LED/ | Open drain driver for the transmit indicator. Output is pulled low during 
| PDN Power Down _| transmit. If externally tied low, the LXT901 goes to power down state. 
20 | 36 | LEDL Link LED 
link test pass. If externally tied low, internal circuitry is forced to "Link 
Pass" state and 901 will continue to transmit link test pulses. 
21 {37 | LEDC Collision LED | Open drain driver for the collision indicator pulls low during collision. 
If externally tied low, the LXT901 disables the internal TP loopback and 
| collision detect circuits for full-duplex operation or external TP loopback. 
22 |38 | LBK Loopback Enables internal loopback mode. See Figure 7 (Mode 1), Figure 13 (Mode 2), 
| Figure 19 (Mode 3) and Figure 25 (Mode 4) for details. . 
23 | 39 | GND1 Ground Returns | Grounds. 
33155 | GND2 1, 2 and 
— |40 | GNDA A (TQFP only) 
RBIAS 1 | Bias Control A 12.4 kQ 1% resistor to ground at this pin controls operating circuit bias. 
44 |RCMPT Remote Output goes high to signal the controller that the remote port is compatible 
Compatibility | with the LXT901 remote signaling features. — 


Output signal connected directly to the receive data input of the controller. 
An output to notify the controller of activity on the network. 


47 | RCLK Receive Clock | A recovered 10 MHz clock which is synchronous to the received data and 
connected to the controller receive clock input. 
Remote Jabber | Output goes high to indicate that the remote port is in Jabber condition. — 
Polarity Reverse} Output goes high to indicate reversed polarity at the TP input. 


Twisted-Pair | Two differential driver pair outputs (A and B) to the twisted-pair cable. 
Transmit Pairs | The outputs are pre-equalized; no external filters are required. 

A&B Two pairs are used to provide compatibility with both 100 Q load cable 

and 150 Q load cable. 









Open drain driver for link integrity indicator. Output is pulled low during 
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UTP / STP 
Select 


When UTP = 0, 150 Q termination for shielded TP is selected. 
When UTP = 1, 100 Q termination for unshielded TP is selected. 






A differential input pair from the twisted-pair cable. Receive filter is 
integrated on-chip. No external filters are required. 


Twisted-Pair 
Receive Pair 


61} TPIP 
62 | TPIN 
PAUI 
41) 4 DIP AUI Receive 
4215 DIN Pair 
43} 7 | DOP AUI Transmit 
44/8 | DON Pair 


(LEVEL a — 
ONE @ a | | 3-3 














In Manual Port Select mode (AUTOSEL = 0), PAUI selects the active 
port. When PAUI = 1, the AUI port is selected. When PAUI = 0, the TP 
port is selected. In Auto Port Select mode, PAUI must be tied to ground. 


Port/AUI 
Select 





Differential input pair from the AUI transceiver DI circuit. 
The input is Manchester encoded. | 


A differential output driver pair for the AUI transceiver cable. The © 
output is Manchester encoded. 
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Absolute Maximum Ratings* | 
* Exceeding these values may cause permanent damage. * Supply Voltage V 


ae - 0.3 V (min) to + 6 V (max) 
Functional operation under these conditions is not ¢ Operating temperature T,, 0 °C (min) to +70 °C (max) 
implied. Exposure to maximum rating conditions for Storage temperature fee -65 °C (min) to +150 °C (max) 


extended periods may affect device reliability. 
Table 3: Operating Conditions (Voltage with respect to ground unless otherwise specified. ) 


sommes] fe fe Pe | 
ee ta 1 a eee 
T= 090 ring 08 AUT | 
orton | te = pom 


i Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
















| Table 4: I/O Electrical Characteristics (Ta=0 to 70°C, V., = 5V +5%) 


Input high voltage 2 








< 


Output low voltage 


ai 


< 


Output low voltage - 


o 
oo 


Output low voltage 
(Open drain LED Driver) 


Output high voltage - 
Output high voltage 


Output rise time 
TCLK & RCLK 
Output fall time 
TCLK & RCLK 


CLKI rise time (externally driven) 


< 
° 


[iitttee 


3 

2 

3 
oe 
soo [ aan [ 


' Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
? Limited functional test patterns. are performed at these input levels. The majority of functional tests are performed at levels of OV 
and 3V. 


io) 








CLKI duty cycle (externally driven) 


Table 5: AUI Electrical Characteristics (Ta = 0 to 70 °C, V,, = 5V +5%) 





' Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
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Functional Description 


The LXT901 Universal Ethernet Interface Transceiver per- 
forms the physical layer signaling (PLS) and Media Attach- 
ment Unit (MAU) functions as defined by the IEEE 802.3 
specification. It functions as a PLS-Only device (for use 
with 10Base-2 or 10Base-5 coaxial cable networks) or as an 
Integrated PLS/MAU (for use with 10Base-T twisted-pair 
networks). In addition to standard 10Mbps operation, the 
LXT901 also supports full-duplex 20 Mbps operation. 


The LXT901 interfaces a back end controller to either an 
AUI drop cable or a twisted-pair (TP) cable. The controller 
interface includes transmit and receive clock and NRZ data 
channels, as well as mode control logic and signaling. The 
AUI interface comprises three circuits: Data Output (DO), 
Data Input (DI) and Collision (CI). The twisted-pair inter- 
face comprises two circuits: Twisted-Pair Input (TPI) and 


Twisted-Pair Output (TPO). In addition to the three basic 
interfaces, the LXT901 contains an internal crystal oscillator 
and four LED drivers for visual status reporting. 


Functions are defined from the back end controller side of 
the interface. The LXT901 Transmit function refers to data 
transmitted by the back end to the AUI cable (PLS-Only 
mode) or to the twisted-pair network (Integrated PLS/MAU 
mode). The LXT901 Receive function refers to data re- 
ceived by the back end from the AUI cable (PLS-Only) or 
from the twisted-pair network (Integrated PLS/MAU 
mode). In the integrated PLS/MAU mode, the LXT901 
performs all required MAU functions defined by the IEEE 
802.3 10Base-T specification such as collision detection, 
link integrity testing, signal quality error messaging, jabber 
control and loopback. In the PLS-Only mode, the LXT901 
receives incoming signals from the AUI DI circuit with+ 18 
ns of jitter and drives the AUI DO circuit. 


Table 6: TP Electrical Characteristics (Ta = 0 to 70 °C, V,, = 5V +5%) 





Symbo Ceo a 





Load = 100 Q at TPOP and TPON 


0 line length for internal MAU 


After line model specified by IEEE 
802.3 for 10Base-T internal MAU 







' Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 


? Parameter is guaranteed by design; not subject to production testing. 


3 TEEE 802.3 specifies maximum jitter additions at 1.5 ns for the AUI cable, 0.5 ns from the encoder, and 3.5 ns from the MAU. 


Table 7: Switching Characteristics (Ta = 0 to 70 °C, V,, = 5V 5%) 









Jabber Timing: 





Link Integrity Timing: 


Time link loss 
- Time between Link Integrity Pulses 
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Controller Compatibility Modes 


_ The LXT901 is compatible with most industry standard | 


controllers including devices produced by Advanced Micro 
Devices (AMD), Intel, Fujitsu, National Semiconductor, 
Seeq and Texas Instruments. Four different control signal 
timing and polarity schemes (Modes 1 through 4) are re- 
quired to achieve this compatibility. Mode select pins (MDO 
and MD1) determine Controller compatibility modes as 
listed in Table 1. | 


Fiqures 2 through 7 - Timina Di 


as follows: 


A complete set of timing diagrams is provided foreach mode 
Mode 1 : Figures 2 - 7, 

Mode 2 : Figures 8 - 13, 

Mode 3 : Figures 14 - 19, 

Mode 4 : Figures 20 - 25. 

Related timing specifications are provided in Table 8 
(RCLK/Start-of-Frame), Table 9 (RCLK/End-of-Frame), 
Table 10 (Transmit Timing) and Table 11 (Collision Detec- 
tion, COL/CI Output and Loopback Timing). 


le 1 (MD1 = 0, MDO = 0) 





Figure 2: Mode 1 RCLK/SoF Timing 





-TPIP/TPIN. 
or DIP/DIN 


{cb 
CD 


RXD 





Notes: 


Figure 3: Mode 1 RCLK/EoF Timing 


TPIP/TPIN 
or ald 





CD 


RXD 






Notes: 
1. 
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Figure 4: Mode 1 Transmit Timing 





Figure 6: Mode 1 COL/CI Output Timing 





Figure 7: Mode 1 Loopback Timing 
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Figure 8: Mode 2 RCLK/Start-of-Frame Timing 
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Figure 9: Mode 2 RCLK/End-of-Frame Timing 
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1. RXD changes at the rising edge of RCLK. The controller is sampled at the falling edge. 
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Figure 10: Mode 2 Transmit Timing 







Figure 11: Mode 2 Collision Detect Timing | 





Figure 12: Mode 2 COL/CI Output Timing 


| 
{ Carrier Detect Blocked 


COL 


Notes: : 
1. The CD output is disabled for a maximum of 55 bit times after TEN turns off. 





Figure 13: Mode 2 Loopback Timing 
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Figure 14: Mode 3 RCLK/Start-of-Frame Timing 
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g edge of RCLK. The controller is sampled at the falling edge. 


_ Figure 15: Mode 3 RCLK/End-of-Frame Timing 
Jtfopsfofrfo}sjofo| 


TPIP/TPIN ) = 
or DIP/ON oo 


Ltopork | 









tt —----27 bits ———_» 






RXD 


gi UU Ue 
—_ Ltfoftfofrfofrfo]o| 


1. RXD changes at the rising edge of RCLK. The controller is sampled at the falling edge. 
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Figure 16: Mode 3 Transmit Timing 





Figure 17: Mode 3 Collision Detect Timing 








Figure 18: Mode 3 COL/Ci Output Timing 
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Figure 20: Mode 4 RCLK/SoF Timing 
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Figure 21: Mode 4 RCLK/EoF Timing 
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Figure 22: Mode 4 Transmit Timing 





Figure 23: Mode 4 Collision Detect Timing 
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Figure 24: Mode 4 COL/CI Output Timing 














Figure 25: Mode 4 Loopback Timing 
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Table 8: RCLK/Start-of-Frame Timing ~ 





| I 


Decoder acquisition time | AU 


AU 
AU 
| TP 

Receive data setup 
Receive data hold 


from RCLK 


: 
Maximum| ta, 375 375 


TEN setup from TCLK 
TXD setup from TCLK 


| Parameter | Symbol | 





COL turn on delay 
COL turn off delay 
COL (SQE) Delay after TEN off 


| ¢ t 
| t 
[EK scp om TEN | tem 


LBK hold after TEN | 





' Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
_ *CD Turnoff delay measured from middle of last bit, so timing specification is unaffected by the value of the last bit. 
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Transmit Function 


The LXT901 receives NRZ data from the controller at the 
TXD input as shown in Figure 1, and passes it through a 
‘Manchester encoder. The encoded datais then transferred to 
either the AUI cable (the DO circuit) or the twisted-pair 
network (the TPO circuit). The advanced integrated pulse 
shaping and filtering network produces the output signal on 
TPON and TPOP, shown in Figure 26. The TPO output is 
pre-distorted and prefiltered to meet the 10 Base-T jitter 
template. An internal continuous resistor-capacitor fil- 
_ ter is used to remove any high-frequency clocking noise 
from the pulse shaping circuitry. No external filters are 
required. During idle periods, the LXT901 transmits link 
integrity test pulses on the TPO circuit (if LI is enabled and 
integrated PLS/ MAU mode is selected). The UTP pin 
controls LXT901 termination impedance. 


Figure 26: LXT901 TPO Output Waveform 


RAR — 


Figure 27: Jabber Control Function 


Power On 


NO OUTPUT 


DO = Active 


NONJABBER OUTPUT 


Start XMIT_Max_Timer 


DO = Idi DO = Activee 
= XMIT_Max_Timer_Done 


JAB 


XMIT = Disable 
LPBK = Disable 
Cl = SQE 


DO = Idle 


UNJAB WAIT 


Start_Unjab_Timer 
XMIT = Disable 
LPBK = Disable 

Ci = SQE 


DO = Activee 


Unjab Timer Done 
. Unjab_Timer_Not_Done | 
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When UTP = 0, the LXT901 is set for shielded TP (150 Q). 
When UTP= 1, the LXT901 is set for unshielded TP (100Q). 


Jabber Control Function 


Figure 27 is a state diagram of the LXT901 Jabber control 
function. The LXT901 on-chip watchdog timer prevents the 
DTE from locking into a continuous transmit mode. When 
a transmission exceeds the time limit, the watchdog timer 
disables the transmit and loopback functions, and activates 
the JAB pin. Once the LXT901 is in the jabber state, the 
TXD circuit must remain idle for a period of 0.25 to 0.75 
seconds before it will exit the jabber state. 


SQE Function 


In the integrated PLS/MAU mode, the LXT901 supports the 
signal quality error (SQE) function as shown in Figure 28. 
After every successful transmission on the 10Base-T net- 
work, the 901 transmits the SQE signal for 1OBT+5BT over 
the internal CI circuit which is indicated on the COL pin of 
the device. When using the 10Base 2 port of the 901, the 
SQE function is determined by the external MAU attached. 


Figure 28: SQE Function 


Power On 


OUTPUT IDLE 


DO = Active 


OUTPUT DETECTED 


DO = Idle 
SQE WAIT TEST 


Start SQE_Test_Wait_Timer 


SQE_Test_Wait_Timer_Done® | 
XMIT = Disable W XMIT = Enable 


SQETEST =| 


Start_SQE_Test_Timer 
Ci =SQE — 


SQE_Test_Timer_Done 
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Receive Function 


The LXT901 receive function acquires timing and data from 
the twisted-pair network (the TPI circuit) or from the AUI 
(the DI circuit). Valid received signals are passed through 


the on-chip filters and Manchester decoder then output as _ 


decoded NRZ data and receive timing on the RXD and 
RCLK pins, respectively. | 


An internal RC filter and an intelligent squelch function 
discriminate noise from link test pulses and valid data 
streams. No external filters are required. The receive 
function is activated only by valid data streams above the 
squelch level and with proper timing. If the differential 
signal at the TPI or the DI circuit inputs falls below 75% of 
the threshold level (unsquelched) for 8 bit times (typical), 
the LXT901 receive function enters the idle state. If the 
polarity of the TPI circuit is reversed, LXT901 detects the 
polarity reverse and reports it via the PLR output. The 
LXT901 automatically corrects reversed polarity. 


Polarity Reverse Function 


The LXT901 polarity reverse function uses both link pulses 
and end-of-frame data to determine polarity of the received 
signal. A reversed polarity condition is detected when eight 
opposite receive link pulses are detected without receipt of 
a link pulse of the expected polarity. Reversed polarity is 
also detected if four frames are received with a reversed 
start-of-idle. Whenever polarity is reversed, these two 
counters are reset to zero. If the LXT901 enters the link fail 


Figure 29: Collision Detection Function 





DO = Activee 
TPI = Idle® 
XMIT = Enabled 


DO = Active @ 
TPI = Active@ 
XMIT = Enabled 


DO = Idle + 
XMIT = Disabled 


DO = Active ® 
TPI = Idle 
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COLLISION 


TPO = DO 
Di = TPI 
Cl = SQE 


state and no valid data or link pulses are received within 96 
to 128 ms, the polarity is reset to the default non-flipped 
condition. (If Link Integrity Testing is disabled, polarity 
detection is based only on received data.). Polarity correc- 
tion is always enabled. 


Collision Detection Function 


~ The collision detection function operates on the twisted pair 
_ Side of the interface. For standard (half-duplex) 10Base-T 


operation, a collision is defined as the simultaneous pres- 
ence of valid signals on both the TPI circuit and the TPO — 
circuit. The LXT901 reports collisions to the back-end via 
the COL pin. If the TPI circuit becomes active while there 
is activity on the TPO circuit, the TPI data is passed to the 
back-end over the RXD circuit, disabling normal loopback. 
Figure 29 is a state diagram of the LXT901 collision detec- 
tion function. Refer to Table 11 for collision detection and 
COL/CI output timing (NOTE: For full-duplex operation, 
the collision detection circuitry must be disabled.) | 


Loopback Function 


The LXT901 provides the normal loopback function speci-. 
fied by the 10 Base-T standard for the twisted-pair port. The 
loopback function operates in conjunction with the transmit 
function. Data transmitted by the back-end is internally 
looped back within the LXT901 from the TXD pin through 
the Manchester encoder/decoder to the RXD pin and re- 
turned to the back-end. This "normal" loopback function is 
disabled when a data collision occurs, clearing the RXD 





DO = Active® 
TPI = Active@ 
XMIT = Enabled 


DO = Idle 


@LEVEL 
CONE ® 





LXT901 Universal Ethernet interface Adapter 


circuit for the TPI data. Normal loopback is also disabled 
during link fail and jabber states. 


The LXT901 also provides three additional loopback func- 
‘ tions. An external loopback mode, useful for system-level 
testing, is controlled by pin 21 (LEDC). When LEDC is tied 
low, the LXT901 disables the collision detection and inter- 
nal loopback circuits, to allow external loopback. 


"Forced" TP loopback is controlled by pin 22 (LBK). When 
the TP port is selected and LBK = 1, TP loopback is "forced", 
overriding collisions on the TP circuit. When LBK = 0, 
normal loopback is in effect. 


Figure 30: Link Integrity Test Function 





Power On 


IDLE TEST 


Start_Link_Loss_Timer — 
Start_Link_Test_Min_ Timer 


AUI loopback is also controlled by the LBK pin. When the 
AUI port is selected and LBK = 1, data transmitted by the 
back-end is internally looped back from the TXD pin 
through the Manchester encoder/decoder to the RXD pin. 
When LBK = 0, no AUI loopback occurs. 


Link Integrity Test 


Figure 30 is a state diagram of the LXT901 Link Integrity 
test function. The link integrity test is used to determine the 
status of the receive side twisted-pair cable. Link integrity 
testing is enabled when pin 8 (LI) is tied high. When 
enabled, the receiver recognizes link integrity pulses which 
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® Link_Test_Min_Timer_Done) 


LINK TEST FAIL WAIT 
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Link_Count = Link_Count + 1 


Link_Test_Revd = idle 
®@ TPI = Idle 


LINK TEST FAIL 
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|LINK TEST FAIL EXTEND 
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ink_Test_Min_Timer_Done 
Link_Test_Revd = True 


(TPI = Idle® Link_Test_Max_Timer_Done) 
(Link_Test_Min_Timer_Not_Done 
® Link_Test_Revd = True) 
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are transmitted in the absence of receive traffic. If no serial 
data stream or link integrity pulses are detected within 50 - 
150 ms, the chip enters a link fail state and disables the 
transmit and normal loopback functions. The LXT901 
ignores any link integrity pulse with interval less than 2 - 7 
ms. The LXT901 will remain in the link fail state until it 
detects either a serial data packet or two or more link 
integrity pulses. 


Remote Signaling 


The LXT901 transmits sandaid link ste which meet the 
10BaseT specification. However, the 901 encodes addi- 
tional status information into the link pulse by varying the 
link pulse timing. This is referred to as remote signaling. 
Using alternate pulse intervals, the LXT901 can signal three 
local conditions: link down, jabber, and remote signaling 
compatibility. Figure 31 shows the interval variations used 
to signal local status to the other end of the line. The 
LXT901 also recognizes these alternate pulse intervals 
when received from aremote unit. Remote status conditions 
are reported to the controller over the RLD, RJAB and 
RCMPT output pins. 


Applications 
Figures 32 through 38 show typical LXT901 applications. 


Auto Port Select with External Loopback 
Control (Figure 32) | 

Figure 32 is a typical LXT901 application. The diagram is 
arranged to group similar pins together; it does not represent 
the actual LXT901 pinout. The controller interface pins 
(transmit data, clock and enable; receive data and clock; and 
the collision detect, carrier detect and loopback control pins) 
are shown at the top left. 


Programmable option pins are grouped center left. The 
PAUI pin is tied to ground and all other option pins are tied 
high. This set-up selects the following options: 

¢ Automatic Port Selection (PAUI = 0 and AUTOSEL = 1) 


© Normal Receive Threshold (NTH = 1) 


¢ Mode 4 (compatible with National NS8390 controllers) 
(MD0 = 1, MD1 = 1) 

¢ 100 Q termination for unshielded TP cable (UTP = 1) 

¢ Link Testing Enabled (LI = 1) 


Status outputs are grouped at lower left. Local status outputs 
drive LED indicators and remote status indicators are avail- 


- able as required. 


Power and ground pins are shown at the bottom of the 
diagram. A single power supply is used for both VCC 1 and 
VCC2 with a decoupling capacitor installed between the 
power and ground busses. 


Figure 31: Remote Signaling Link Integrity Pulse Timing | 


LI - 
RLD 


(Note 1) 


LI - 


RJAB | 
(Note 2) 


‘10 ms 20 ms 10 ms 20ms 


10ms, 15ms 


10 ms 


10ms, 15ms 


20 ms 10ms 20 ms 10 ms. 


RGN a Pe 


Notes: 


. For Remote Link Down (RLD) signaling, the interval between LI pulses increments from 10 ms to 15 | 


ms to 20 ms, and then the cycle starts over. 


. For Remote Jabber (RJAB) signaling, the interval between LI pulses decrements from 20 ms to 15 


ms to 10 ms, and then the cycle starts over. 


. For Remote Compatibility (RCMPT) signaling, the interval between LI pulses continually switches 


between 10 ms and 20 ms. 
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The TP and AUI interfaces are shown at upper and lower _ stalled in each I/O pair but no external filters are required. 
right, respectively. Impedance matching resistors are in- | Suitable transformers are listed in notes 2 and 3. 
Figure 32: LAN Adapter Board Application - Auto Port Select with External LPBK Control 
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Suitable crystals include the MTRON MP-1 and MP-2. 


Suitable TP transformers include the Fil-Mag 232128, and SM23Z128; Valor PT4069 and ST7011; Pulse 
Engineering PE65994 and PE65745; Belfuse $553-071 6 and A553-0716; and Halo Electronics TD42-2006Q and 
TG42-2006WH1. 


Suitable AUI transformers include the Fil-Mag 23290 and SM23Z90; Valor LT6030 and ST7030; 
Pulse Engineering PE64502; and Halo Electronics TD01-0756K and TG01-0756W. 


>> as 


Bias resistor RBIAS should be located close to the pin and isolated from other signals. 
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-LXT901 Universal Ethernet Interface Adapter 


Dual Network Support - 10Base T and Token 
Ring (Figure 33) its 


Figure 33 shows the LXT901 with a Texas Instruments. 
380C26 CommProcessor. The 380C26 is compatible with 


Mode 4 (MDO and MD1 both high). When used with the 
380C26, both the LXT901 and a TMS38054 Token Ring 
transceiver can be tied to a single RJ45 allowing dual 
network support from a single connector. The LXT901 AUI 
port is not used. | 7 | 


Figure 33: LXT901/380C26 Interface for Dual Network Support of 10Base T and Token Ring 
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Pen LEDL ere 12.4kQ 
+5V VCC1 A 
| i‘ vec2 GND1 GND2 
Z\ Suitable crystals include the MTRON MP-1 and MP-2. 
Suitable TP transformers include the Fil-Mag 232128, and SM23Z128; Valor PT4069 and ST7011: 
Pulse Engineering PE65994 and PE65745; Belfuse $553-0716 and A553-0716; and HALO 
Electronics TD42-2006Q and TG42-2006WH1. 
LX» Bias resistor RBIAS should be located close to the pin and isolated from other signals. 
Additional magnetics and switching logic (not shown) is required to implement the dual network solution. . 
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LXT901 Universal Ethernet Interface Adapter 


Manual Port Select with Link Test Function 
(Figures 34 and 35) 


MB86950 and MB86960, and Seeq 8005 controllers). Fig- 
ure 34 shows the setup for Fujitsu controllers. Figure 35 


shows the four inverters required to interface with the Seeq 
8005 controller. As in Figure 32, both these Mode 3 
applications show the LI pin tied high, enabling Link 


With MD0 low and MD1 tied high, the LXT901 logic and 
framing are set to Mode 3 (compatible with Fujitsu 


Figure 34: LAN Adapter Board Application - Manual Port Select with Link Test Function 
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Suitable crystals include the MTRON MP-1 and MP-2. 


Suitable TP transformers include the Fil-Mag 232128, and SM23Z128; Valor PT4069 and ST7011; Pulse 
Engineering PE65994 and PE65745; Belfuse S553-0716 and A553-0716; and Halo Electronics TD42-2006Q and 
TG42-2006WH1. 


Suitable AU! transformers include the Fil-Mag 23Z90 and SM23Z90; Valor LT6030 and ST7030; 
Pulse Engineering PE64502; and Halo Electronics TD01-0756K and TGO1-0756W. 


>> bb 


Bias resistor RBIAS should be located close to the pin and isolated from other signals. 


Ne 
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LXT901 Universal Ethernet Interface Adapter — 


Testing; and the UTP and NTH pins are both tied high, 
selecting the standard receiver threshold and 100 Q termina- 


AUTOSEL is tied low, allowing external port selection 
through the PAUI pin. The remote status outputs are 


tion forunshielded TP cable. However, inthese applications inverted to drive LED indicators. 


Figure 35: Manual Port Select with Seeq 8005 Controller 
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Suitable TP transformers include the Fil-Mag 232128, and SM23Z128; Valor PT4069 and ST7011; 
Pulse Engineering PE65994 and PE65745; Belfuse S553-0716 and A553-0716; and HALO 
Electronics TD42- 2006Q and TG42-2006WH1. 


Suitable AU! transformers include the Fil-Mag 23Z90 and SM23Z90; Valor LT6030 and ST7030; 
Pulse Engineering PE64502; and HALO Electronics TDO1-756K, and TG01-0756W. 


PD b 


Bias resistor RBIAS should be located close to the pin and isolated from other signals. 
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LXT901 Universal Ethernet Interface Adapter 


150 Q Shielded Twisted-Pair Only (Figure 36) 


Figure 36 shows the LXT901 in a typical twisted-pair only 
application. The DTE is connected to a 10Base-T network 
through the twisted-pair RJ45 connector. (The AUI port is 
not used.) With MDO tied high and MD1 grounded, the 
LXT901 logic and framing are set to Mode 2 (compatible 
with Intel 82586 and 82596 controllers). 


A 20 MHz system clock input at CLKI is used in place of the 
crystal oscillator. (CLKO is left open.) The LI pin externally 
controls the link test function. The UTP and NTH pins are 
both tied low, selecting the reduced receiver threshold and 
150 Q termination for shielded TP cable. The switch at 
LEDT/PDN manually controls the power down mode. 


Figure 36: 150 © Shielded Twisted-Pair Only Application 
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Suitable TP transformers include the 
Fil-Mag 232128, and SM23Z128; 

Valor PT4069 and ST7011; Pulse 
Engineering PE65994 and PE65745; 
Belfuse $553-0716 and A553-0716; and 
HALO Electronics TD42-2006Q and 
TG42-2006WH1. 


/» Bias resistor RBIAS should be located 
close to the pin and isolated from 
12.4kQ_ other signals. 
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3-23 





nd 
DS) 
- 





20 MHz 
SYSTEM 
CLOCK 







TXD 
TEN 





To 10 BASE-T 




























TCLK TWISTED-PAIR NETWORK 
RCLK 
82586 
BACK-END/ RXD 
CONTROLLER CD 
INTERFACE COL 
LBK 
AUTOSEL 
= PAUI 
PROGRAMMING Se. Ag Pde teed A 
| MDo 060 OK 
OPTIONS i= ee a Ce) 
‘ a BNC to 
Link Test pasha © THIN COAX 
© 
Enable mid mal NETWORK 
REMOTE en ee 
STATUS —— 
ae 
LINE STATUS zee 
10K 10K y 
+5V 
eo ee LEDT/PDN 
45 VvCcc1 
ees VCC2 
RBIAS = 
GND1 GND2 
Power Down 


01 pF Ws . Av TS UF / 1K 


D - CONNECTOR - 
to AUI DROP CABLE — 


Suitable TP transformers include the Fil-Mag 23Z128, and SM23Z128; 
(Thick Coax) 


Valor PT4069 and ST7011; Pulse Engineering PE65994 and PE65745; 
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TD42-2006Q and TG42-2006WH1. 


Ld» Bias resistor RBIAS should be located close to the pin 
and isolated from other signais. 
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Suitable AUi transformers include the Fi-Mag 23290, and SM23Z90; 

Valor LT6030 and ST7030; Pulse Engineering PE64502; and HALO 
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~LXT901 Universal Ethernet Interface Adapter 


_ AUI Encoder/Decoder Only 
(Figure 38) 


In this application the DTEis connected to acoaxial network and framing are set to Mode 1 (compatible with AMD 
through the AUI. AUTOSEL is tied low and PAU] is tied | AM7990 controllers). The LI pin is tied low, disabling the 
high, manually selecting the AUI port. The twisted-pair port —_ link test function. The LBK input controls loopback. A 20 
is notused. With MD1 and MD0 bothlow, the LXT901 logic ©§ MHzsystemclockis supplied atCLKI with CLKO leftopen. 


Figure 38: AUI Encoder/Decoder Only Application 
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LXT901 Universal Ethernet Interface Adapter 


Full Duplex Support (Figure 39) 


| 380C24 or other full duplex-capable controller, the LXT901 
Figure 39 shows the LXT901 with a Texas Instruments _ supports full-duplex Ethernet, effectively doubling the 
380C24 CommProcessor. The 380C24 is compatible with — available bandwidth of the network. In this application the 
Mode 4 (MD0 and MD1 both high). When used with the | LXT901 AUI port is not used. : 


Figure 39: Full-Duplex Application - Auto Port Select with External LPBK Control! 
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Haif/Full Duplex Selection controlled by TMS380C24 pins TESTO and OUTSELO. 


Suitable TP transformers include the Fil-Mag 232128, and SM23Z128; Valor PT4069 and ST7011; 
Pulse Engineering PE65994 and PE65745; Belfuse S553-0716 and A553-0716; and HALO 
Electronics TD42-2006Q and TG42-2006WH1. 


Bias resistor RBIAS should be located close to the pin and isolated from other signals. 


>> BD 


Suitable crystals include the MTRON MP-1 and MP-2. 
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LXT902 
Ethernet Twisted-Pair Media Affachment Unit 





e LXT902 twisted-pair Media Attachment Unit (TP- 
MAU) is designed to allow Ethernet connections to use the 
existing twisted-pair wiring plant through an Ethernet At- 
tachment Unit Interface (AUDI). The LXT902 provides the 
electrical interface between the AUI and the twisted-pair 
wire. 


LXT902 functions include level-shifted data pass-through 
from one transmission media to another, collision detection, 
Signal Quality Error (SQE) testing and automatic correction 
of polarity reversal on the twisted pair input. It also includes 
LED drivers for transmit, receive, jabber, collision, reversed 
polarity detect and link functions. 


The LXT902 is an advanced CMOS device and requires only 


a single 5-volt power supply. 





¢ Computer/workstation interface boards 
¢ LAN repeater a 
¢ External 10Base-T converter 


Meets or exceeds IEEE 802.3 standards for AUI and 


Standard Product 
February 1994 






10Base-T interface 

Direct interface to AUI and RJ45 connectors 
Automatic AUI/RJ45 selection 

intemal predistortion generation 

Internal common mode voltage generation 
Jabber function 

Selectable link test, SQE test disable 


Twisted-pair receive polarity reverse detection and 
selectable polarity correction 


LED driver for transmit, receive, jabber, collision, link 
and reversed polarity indicators or for flashing status 
indicator 

Single 5 V supply, CMOS technology 


Available in 28-pin DIP or PLCC 
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LXT902 Media Attachment Unit 


Table 1: Mode Select Options 










TPON || TPON 


Half current AUI 
driver 


” 
rm OQ Z@ Q ~~ ee a 
1 LEDC 9906699 9 6 
= [MDI[MDO[ Mode 
3 LEDT 
4 LEDP/S = Ml TPOP Se a -T compliant 
: anes oats | 1 | Reduced squelch level | d Ich level 
| educed squelch leve 
 vcc2 
7 VCC2 
8 
9 VCCI vec 
RBIAS Hlnaias 1 1 | DO, DI & Cl ports 
MD1 | disabled 
SQE r} MD1 
TPIP 13 14 15 16 17 Test Mode, Jabber on 





Clock| Test mode, Jabber 
| Disabled 


Data Out Negative | Differential input pair connected to the AUI transceiver DO circuit. 
Data Out Positive | : 


LEDJ | I/O Jabber LED Open drain driver for the Jabber indicator LED. Output goes active’ 
Driver when watchdog timer begins jab, and stays active until end of the 
unjab wait period (491 - 525 ms) . When tied to ground, causes 
LEDP/S to act as a multi-function blinking status indicator. 


LEDL Link LED © Open drain driver for the Link indicator LED. Output is active 
Driver except during Link Fail or when Link Integrity Test is disabled. 


Polarity Reverse The LXT902 automatically corrects reversed polarity at TPI when 
Correction PRC is tied high. In Test mode, this pin is a 10 MHz output. 
Crystal The LXT902 requires either a 20 MHz crystal (or ceramic resonator) 
Oscillator connected across these pins, or a 20 MHz clock applied at CLKI. 


Collision Negative | Differential driver output pair tied to the collision presence pair of 
the Ethernet transceiver AUI cable. The collision presence signal is 
ed a 10 MHz square wave. This output is activated when a collision is 
Collision Positive | detected on the network, during self-test by the SQE sequence, or 
after the watchdog timer has expired to indicate the transmit wire 
pair has been disabled. 


Mode Select 0 Selects operating modes in conjunction with MD1. See Table 1 
above for mode select options. 
Data In Negative Differential driver pair connected to the AUI transceiver DI circuit. 
Data In Positive 


Link Integrity _ Link integrity testing is enabled when this pin is tied high. With 
Test Enable link test enabled, the LXT902 sends the link integrity signal in the 
absence of transmit traffic. It also recognizes received link test . 
pulses, indicating the receive wire pair is present in the absence of 
transmit traffic. 


15 | 16 | TPIN Twisted Pair Differential receive inputs from the twisted pair input filter. 
16 | 17 | TPIP Receive Inputs | | : 


‘LED drivers pull low. when active. 
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LXT902 Media Attachment Unit 


Table 2: Pin Descriptions continued 












Description 







Signal Quality 
Error Test 
Enable 


SQE is enabled when this pin is tied high. When enabled, 
the LXT902 sends the signal quality error test sequence to the Cl 
of the AUI cable after every successful transmission to the media. 
In Test mode, SQE becomes a 20 MHz output. 


Mode Select 1 Selects operating modes in conjunction with MDO. (See Table 1.) 
MDi clock input between 2.0 and 2.5 MHz enables Test mode. 
19 | 20 | RBIAS Resistor Bias control pin for the operating circuit. Bias set from external 
Bias Control resistor to ground. External resistor value = 12.4 kQ (+ 1%). 


| 29 | 21 | VCCI | 1 | Power Supply 1 | Power | Power Supply 1_| 1 | +5 V power supply. 
Transmit Manchester encoded and pre-distorted to meet the 10Base-T 


21.) 22 TPON 
24 | 25 TPOP 
Outputs template. 


I Power Supply 2 | +5 V power supply. | 


ND 2 
Polarity/Status Open drain LED driver. In normal mode, LEDP/S is active when 
LED Driver reversed polarity is detected. If LEDJ is tied to ground, the output 
LEDP/S indicates multiple status conditions as shown in Figure 2. 
On solid = Normal, 1 Blink = Link Down, 2 Blinks = Jabber, 


ie 
25 | 26 | LEDP/S 
5 Blinks = Polarity Reversed. 
=P a 
| Driver Output is active during transmit. 
id we ee Receive LED Open drain driver for the Receive indicator LED. 
















Twisted Pair Transmit drivers to the twisted-pair output filter. The output is 










Q 





















28 LEDR 
Driver Output is active during receive. 
28 | 1 LEDC Collision LED 
; Driver 


Absolute Maximum Ratings* 


Open drain driver for the Collision indicator LED. 
Output is active when a collision occurs. 





* Exceeding these values may cause permanent damage. ° Supply Voltage Ving -0.3 Vto6V 
Functional operation under these conditions is not ¢ Operating temperature T,, Q °C (min) to +70 °C (max) 
implied. Exposure to maximum rating conditions for _ + Storage temperature Te -65 °C (min) to +150 °C (max) 


extended periods may affect device reliability. 


Recommended Operating Conditions (Voltages are with respect to ground unless otherwise specified.) 


' Maximum voltage differential between VCC1 and VCC2 must not exceed 0.3V. 
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LXT902 Media Attachment Unit 


Switching Characteristics (1a = 0 to 70°C, V., = 5V £5%) 
_ Parameter o* | 


Link Integrity Timing | : 


Time link loss? 3 


. 65 
Time between Link Integrity Pulses” . 
Interval for valid receive Link Integrity Pulses? 4.1 


Collision Timing © 


CSO low pulse width 40 
CSO frequency 


SQE Timing 
SQE signal duration 


Typ! 








131 
525 


— 
en) 





poe 


MHz 





Nn 
S 
© 


1500 





= 


— ON —- 
ron nr 


Delay after last positive transition of D 


LED Timing 
LEDC, LEDT, LEDR on time? ~~ 100 
LEDP/S on time’ (See Figure 2). 
-LEDPYS period ? (See Figure 2) 


164 
328 


General | 


500 
200: 
500 


Receive start-up delay 
Transmit start-up delay 
Loopback start-up delay 


' Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. _- 
_* Switching times reduced by a factor of 1024 during Test mode. | i 
* Parameter is guaranteed by design; not subject to production testing. 
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LXT902 Media Attachment Unit 


I/O Electrical Characteristics (1a = 0 to 70°C, V... = 5V +5%) 


V 0.7 V | Drive current = 10 mA 
Line Idle 


‘aadaains Se 
125 140 mA Line Active, 
transmitting all ones 
at ek bl he ek 














(Open drain LED Driver) 
Supply current 
(Vocl = V,,2 = 5.25 V) 


Input leakage current? re between VCC and 
Three state leakage current Ls Output between VCC 
(high Z) and GND 


1 Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
?MDO, MD1, SQE, PRC and LI pins. MD0 clock (test mode) must be CMOS level input. 
3 Not including TPIN, TPIP, DOP or DON. 





Figure 2: LEDP/S Status Indication Timing 


— J = 


_ JU 


Polarity | 
Reverse | 


1.968 s 


NOTE: LEDP/S status indications are shown in order of priority, i.e., Link Fail indication supersedes 
Jabber indication which supersedes Polarity Reverse (when PRC = 1). Reversed polarity conditions 
supersede Link Fail conditions when PRC = 0 (Polarity Correction Disabled). At the LEDL indicator, 
reversed polarity conditions are reported as Link Fail when PRC = 0. This allows the user to distinguish 
between actual link failure and apparent link failure due to polarity reversal. 
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LXT902 Media Attachment Unit 


AUI Electrical Characteristics (Ta = 0 to 70°C, Veo = 5V +5%) 


Tigatowewe | | =| - | mo [oe [| 
= sa current | aoa 500 : 







' Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 


Transmit Characteristics (1a = 0 to 70°C, V,,. = 5V +5%) 


| Peak differential output voltage Load = 200 Q at TPOP 
eset ee fae 
Transmit timing jitter addition ” After Tx filter, 
ae 
Transmit timing jitter addition ” = + 3.5 After Tx filter and line 
| | as | ’ aid model specified by IEEE ~ 
| | , 802.3 for 10Base-T 


' Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
* Parameter is guaranteed by design; not subject to production testing. 







Receive Characteristics (Ta = 0 to 70°C, V,, = 5V +5%) 


Receive input impedance Pes p= p= Between TPIP/TPIN 


ao aaa we 15 re: 


' Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
_ ?Parameter is guaranteed by design; not subject to production testing. . 
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Functional Description 


The LXT902 Media Attachment Unit (MAU) interfaces the 
Attachment Unit Interface (AUD) to the unshielded twisted 
pair cables, transferring data in both directions between the 
two. The AUI side of the interface comprises three circuits: 
Data Output (DO), Data Input (DI) and Control Interface 
(CI). The twisted pair network side of the interface com- 
prises two circuits: Twisted Pair Input (TPI) and Twisted 
Pair Output (TPO). In addition to the five basic circuits, the 
LXT902 contains an internal crystal oscillator, separate 
power and ground pins for analog and digital circuits, 
various logic controls and six LED drivers for status indica- 
tions. 


Functions are defined from the AUI side of the interface. 
The LXT902 Transmit function refers to data transmitted by 
the Data Terminal Equipment (DTE) through the AUI and 
MAU to the twisted pair network. The LXT902 Receive 
function refers to data received by the DTE through the 
MAU and AUI from the twisted pair network. In addition to 
basic transmit and receive functions, the LXT902 performs 
all required MAU functions defined by the IEEE 802.3 
10Base-T specification such as collision detection, link 
integrity testing, Signal Quality Error (SQE), jabber control 
and loopback. 


Transmit Function 


The LXT902 transfers manchester encoded data from the 
AUI port of the DTE (the DO circuit) to the twisted pair 
network (the TPO circuit). The output signal on TPON and 
TPOP is pre-distorted to meet the 10 Base-T jitter template, 
and filtered to meet FCC requirements. The output wave- 
form (after the transmit filter) is shown in Figure 3. If the 
differential inputs at the DO circuit fall below 75% of the 
threshold level for 8 bit times (typical), the LXT902 transmit 
function will enter the idle state. During idle periods, the 
LXT902 transmits link integrity test pulses on the TPO 
circuit. 
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Receive Function 


The LXT902 receive function transfers serial data from the 
twisted pair network (the TPI circuit) to the DTE (over the 
DI circuit of the AUT). An internal squelch function dis- 
criminates noise from link test pulses and valid data streams. 
Only valid data streams activate the receive function. If the 
differential inputs at the TPI circuit fall below 75% of the 
threshold level (unsquelched) for 8 bit times (typical), the 
LXT902 receive function will enter the idle state. The TPI 
threshold can be reduced by approximately 3 dB to allow for 
longer loops in low-noise environments. The reduced 
threshold is selected when MD1 = 0 and MDO = 1. 


Polarity Reverse Function 


The LXT902 polarity reverse function uses both link pulses 
and end-of-frame data to determine polarity of the received 
signal. A reversed polarity condition is detected when eight 
opposite receive link pulses are detected without receipt of 
a link pulse with the expected polarity. Reversed polarity is 
also detected if four frames are received with a reversed _ 
start-of-idle. Whenever polarity is reversed, these two 
counters are reset to zero. If the LXT902 enters the link fail 


Figure 3: LXT902 TPO Output Waveform 
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state and no data or link pulses are received within 96 to 128 
ms, the polarity is reset to the default non-flipped condition. 
(If Link Integrity is disabled, polarity detection is based only 
on received data pulses.) | | 


Collision Detection Function © 


The collision detection function operates on the twisted pair 
side of the interface. A collision is defined as the simultane- 
ous presence of valid signals on both the TPI circuit and the 
TPO circuit. The LXT902 reports collisions to the AUI by 
sending a 10 MHz signal over the CI circuit. The collision 
report signal is output no more than 9 bit times (BT) after the 
chip detects a collision. If the TPI circuit becomes active 
while there is activity on the TPO circuit, the TPI data is 
passed to the DTE over the DI circuit, disabling the loop- 


back. Figure 4 is a state diagram of the LXT902 collision — 


detection function (refer to IEEE 802.3 10Base-T specifi- 
cation). | 


Figure 4: Collision Detection Function 


DO = Active® 
TPI = Idle® 
XMIT = Enabled 


DO = Active @ 
TPI = Active® 
XMIT = Enabled 


DO = Idle + 
XMIT = Disabled 


DO = Active 
TPl=Idle | 


COLLISION 


Loopback Function 


The LXT902 loopback function operates in conjunction 
with the transmit function.. Data transmitted by the DTEis . 


internally looped back within the LXT902 from the DO pins 


to the DI pins and returned to the DTE: The loopback 
function is disabled when a data collision occurs, clearing 
the DI circuit for the TPI data. Loopback is also disabled 
during link fail and jabber states. 


| SQE Test Function 


Figure 5 is a state diagram of the SQE Test function. The 
SQE test function is enabled when the SQE pin is tied high. 
When enabled, the SQE test sequence is transmitted to the 
controller after every successful transmission on the 
10Base-T network. When a successful transmission is 
completed, the LXT902 transmits the SQE signal to the AUI 
over the CI circuit for 10 BT+5 BT. The SQE function can 
be disabled for hub applications by tying the SQE pin to 
ground. : 


DO = Active® 
TPI = Active@ | 
XMIT = Enabled 


DO = Idle 
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Jabber Control Function 


Figure 6 is a state diagram of the LXT902 Jabber control 
function. The LXT902 on-chip watchdog timer prevents the 
DTE from locking into a continuous transmit mode. When 
a transmission exceeds the time limit, the Watchdog timer 
disables the transmit and loopback functions, and sends the 
SQE signal to the DTE over the CI circuit. Once the LXT902 
is in the jabber state, the DO circuit must remain idle for a 
period of 491 to 525 ms before it will exit the jabber state. 


Figure 5: SQE Test Function 


Power On 
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Link Integrity Test Function 


Figure 7 is astate diagram of the LXT902 Link Integrity Test 
Function. The Link Integrity Test is used to determine the 
status of the receive side twisted pair cable. The link 
integrity test is enabled when the LI pin is tied high. When 
enabled, the receiver recognizes link integrity pulses which 
are transmitted in the absence of receive traffic. If no serial 
data stream or link integrity pulses are detected within 50 - 
150 ms, the chip enters a link fail state and disables the 
transmit and loopback functions. The LXT902 ignores any 
link integrity pulse with interval less than 2 - 7 ms. The 
LXT902 will remain in the link fail state until it detects either 
a serial data packet or two or more link integrity pulses. 


Figure 6: Jabber Control Function 
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Test Mode 


The LXT902 Test mode is selected when a2 - 2.5 MHz clock 
is input on the MDO mode select pin. Test mode sets the 
internal counter chains to run at 1024 times their normal 
speed. The maximum transmit time, unjab time, Link 
Integrity timing and LED timing are reduced by a factor of 
1024. During test operation, 10 MHz and 20 MHz signals 
are output on the PRC and SQE pins, respectively. When 
Test mode is selected, the SQE function cannot be disabled. 


Figure 7: Link Integrity Test Function 


Power On . 


~ IDLE TEST — 


Start_Link_Loss_ Timer 
Start_Link_Test_Min_Timer 


In Test mode the PRC function can be disabled by the LI pin. 
Jabber can be disabled by setting MD1 = 0. 
Applications 

External MAU 


Figure 8 shows the LXT902 in a typical external MAU 
application, interfacing between an AUI and the RJ45 con- 
nectors of the twisted pair network. A 20 MHz crystal (or 
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| ink_Test_Min_Timer_Done 
Link_Test_Revd = True 


(TPI = Idle® Link_Test_Max_Timer_Done) 
(Link_Test_Min_Timer_Not_Done 
® Link_Test_Revd = True) 
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ceramic resonator) connected acrossCLKI andCLKO pro- _are required in the TPO and TPI circuits. Details of the 
vides the required clock signal. Transmit and receive filters transmit and receive filters are shown in Figures 9 and 10, 
respectively. (Differential filters are also recommended.) 


Figure 8: LXT902 External MAU Application Diagram 


Twisted Pair 


To/From 
TPIP res Network 





Terminal TPIN 


LEDJ 
LEDC 
LEDT 
LEDR 
LEDL 
LEDP/S 


RBIAS 


1.0 pF Tantalum 


L\ Typically, resistors on the AUI side of the transformer are already present in the terminal. 
If termination resistors are present in the terminal, the shaded resistors are not required. 


A 20 MHz (+1%) crystal or ceramic resonator may be used at CLKI/CLKO. 


TaN Suitable integrated filter/transformers include Pulse Engineering PE65421, FilMag 78Z1120B; 
Valor PT3877; and HALO Electronics FD02-101G and FD12-101G. 





Figure 9: Transmit Filter Diagram _ Figure 10: Receive Filter Diagram 
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Internal MAU 


Figure 11 shows an internal MAU application which takes 
advantage of the LXT902's unique AUI/10Base-T switch- 
ing feature to select either the D-connector (AUI) or the 
- RJ45 connector (10Base-T). No termination resistors are 
used on the LXT902 side of the AUI interface to prevent 
impedance mismatch with the drop cable. The half current 
drive mode is used to maintain the same voltage levels in the 
absence of termination resistors. This application uses 
capacitive coupling instead of transformer coupling. MD1 
is tied high so MDO functions as the mode control switch. 


When MD0 is low, the half current drive mode is selected. 


~ When MDOis high, the LXT9072 is effectively removed from 


the circuit. The 902 AUI ports (DO, DI and CI) are disabled 
isolating the LXT902 from the AUI. The LXT902 DI and CI 
ports go toahighimpedance state and the DO portis ignored. 


To implement an auto-select function, LEDL can be tied to 
MD0. This activates the 902/AUI interface when the TP link 
is active (data or link integrity pulses) and disables it when 
the link is inactive. 


Figure 11: LXT902 Internal MAU Application Diagram 
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A\ Connect LEDL to MDO to implement auto-select feature. 
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LXT903 
lOBase-T Hub Transceiver 





The LXT903 hub transceiver is designed for use in multi- | * Meets or exceeds IEEE 802.3 standards for 10Base-T 
portrepeaters. Itinterfaces the hub (a multi-port transceiver) interface 

to the unshielded twisted-pair media. The LXT903 per- 
forms transmit, receive and receive squelch functions. 
Additional implementations include 10Base-T link integrity 
testing, automatic correction of receive polarity reversal, 
and a watchdog timer to jab continuous transmission. 


Provides predistorted signal to the transmit filter 


e 


Internal programmable squelch circuits 


¢ Detection and correction of reversed polarity 
The LXT903 software control mode provides a micropro- | 
cessor interface withextensive command and status options. | * Microprocessor interface and control 
The hardware mode provides stand-alone operation. 





Differential or single-ended transmit input 


The LXT903 is an advanced CMOS device and requires only 
a single 5-volt power supply. | 


LED driver for jabber, link and reversed polarity 


Single 5 V supply, low-power CMOS technology 





¢ Multi-port Repeaters 


Available in 24-pin DIP and 28-pin PLCC packages 








Lid puts [——____ TROF 
ae maaan Hae, 
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= 
= - 4 4--- tp inn 
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SQUELCH 


na pm. ee 
RXD - RECEIVER |. —TPIN 


NOTE: Dotted line = Software control path 
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1 LEDL/INT 
cRS 2 TPIN 
PRC/SDAT J 3 TPIP 
LEDP 4 BIAS 
THCS 15 VCC 1 
GND1 6 TPON 
CLK 7 VCC 2 
PE ge GND 2 
TEN lo TPOP 
PDC LTE/SCLK 
TXP D/S 
TXN H/S 





Pin Descriptions 


"| 


In the hardware control mode, tying this pin high enables the LXT903 


Polarity Reverse i is pin hi 
' Correction to automatically correct for reversed polarity at the TPI circuit. 
3 (Hardware Control) 


SDAT] I/O Serial Data In software control mode, this pin is the serial data I/O port. 
(Software Control) | 
Polarity Reverse Open drain output. Active low indicates polarity reversed. 


TH Threshold Control In hardware mode, forcing this pin low reduces the TP receive 
(Hardware Control) | squelch by 4.5 dB. 
5 : neta 
Chip Select | Active low input accesses the serial port in the software mode. CS 
(Software Control) 


must transition high to low, and remain low for each port operation. 


20 MHz CMOS level clock input. — 


mas Port Enable Active CMOS high enables the transmitter. In differential input 






Data received from the epieaaait is Output to the hub controller DI 
circuit on this pin as a CMOS level Manchester encoded data stream. 
High impedance when in software shut down mode. 





Goes high to indicate valid receive data. High Uae when in 
software shut down mode. 

































a 
Q| 


mode, PE must be high when TEN is low to enable transmitter. 

_ Transmit Enable Active CMOS low enables the transmitter when PE is high. Required 

for differential input mode only. 

Pre-Distortion 
Control 





A CMOS level, synchronous ai signal at logic 1 will predistort the 
| output voltage (differential input mode only). 

Data Out Positive 
Data Out Negative 


Differential input pair connected to the hub controller DO circuit. 
When DIS pin is tied low, TXP becomes single-ended CMOS level 
input, synchronous to the 20 MHz CLK. 
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Pin Descriptions continued 


Ping | Sym _ |1/O Description 7 
[pip[PLee 
N/A; 15 LEDJ Jabber LED Driver | Open drain driver for the Jabber indicator LED. Goes active 
when watchdog timer begins jab and stays active until end of the 
unjab wait period (491 - 525 ms). 
13 H/S Hardware/Software | When set to a logic 0, selects software control mode. 
Control Select When set to a logic 1, selects hardware control mode. 


17 D/S Differential/Single- | When set to a logic 0, selects single-ended TXP input. 


Ended Select When set to a logic 1, selects differential TXP/TXN input. 
: 


Link Test Enable In hardware control mode, an active high on this pin enables the 
Hardware Control) | link test function. 
Serial Clock The serial clock required for software control operation is input 
(Software Control) on this pin. SCLK must be < 2 MHz. 
16 


= 
g 


Twisted Pair Transmit drivers to the twisted-pair output filter. The output is 
Transmit pre-distorted to meet the 10Base-T template. 
Outputs 


19 


3 
S 


A mr 


Ground 2 Ground. 
Ground 3 Ground. 
Ground 4 Ground. 


Power Supply #2 | +5 V power supply input. 
Power Supply # 1 + 5 V power supply input. 
Power Supply # 3 + 5 V power supply input. 


Resistor Bias Bias control for the operating circuit. Bias is set from an external 
Control 12.4 kQ resistor to ground. 
Twisted-Pair Differential receive inputs from the twisted-pair input filter. 
Receive Inputs 
Link Driver LED driver indicates link activity. 
(Hardware Control) 


Interrupt The microprocessor interrupt required for software control is 
(Software Control) output on this pin. The interrupt is an open drain, active low 
which indicates Jab, Link Failure or Non-correctable Polarity. 


I 


19 
22 
20 

7 
26 
en 
23 
24 

BIAS 
27 
28 


Eg 
ZO 
| ef ef=-| eft fierfo of =| +] + 


17 
N/A 
N/A 

18 

20 
N/A 

22 

23 


LEDL'! 





‘1 LED drivers pull low when active. 
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Absolute Maximum Ratings* 


* Exceeding these values may cause permanent damage. *° Supply Voltage | Vig -0.3 V to6 V | 
Functional operation under these conditions is not e Operating temperature T. a 0 °C (min) to. +70 °C (max) 
implied. Exposure to maximum rating conditions for —_« Storage temperature T -65 °C (min) to +150 °C (max) 


extended periods may affect device reliability. ee 


Recommended Operating Conditions (Voltages are with respect to ground unless otherwise specified.) 


a a 


' Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
*Maximum voltage differential between VCC1 and VCC2 (and VCC3 for PLCC parts) must not exceed 0.3V. 









1/0 Electrical Characteristics (Ta = 0 to 70 °C, V.,, = 5V +5%) 


[——_Permeter | Symbol | win | vo!_| Mat | Vath | Tes) Condions 
Tigaiorvomee |= p= pm pe 


a 
i ee 
aa 
pai 








ve [20°] = | - | 

Output low voltage 

omamumoin |“ | | 7 | 

heel BE 






Input leakage current? Input between VCC and 
| GND | 
Output between VCC 






_ High Z state leakage current 





and GND» 


' Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. | 
*LED Drivers can sink up to 10 mA of drive current. 
3 Not including TPIN, TPIP, TXN, TXP, PDC, PE, CLK or TEN. 


CMOS 1/O Characteristics’ (Ta = 0 to 70°C, V,, = 5V +5%) 


Input low voltage — 
Input high voltage 


Output low voltage 


Output high voltage 
Input leakage current 


‘Pins TXP, TXN, TEN, PE, PDC, CLK and RXD. | | 
2 Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
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Transmit Characteristics (Ta = 0 to 70°C, V.,, = 5V +5%) 


—Paraneter | Svmbel]_win | Wo) | Max | nis | Ton\Gonaions 
amsaiconpaimnste | Zar | - | 8 | - | @ | 
sniiningjeradion [=| - | - | #8 | w | Aw TiiiosOlnelngih 


Transmit timing jitter addition a er ag | After Tx filter and line model 


specified by IEEE 802.3 for 
'Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 






















10Base-T 


Receive Characteristics (Ta = 0 to 70°C, V,, = 5V +5%) 


[Parameter ————_(Symbet| in| | Wax | Unis | Tesi Conaions 
[Recvetpucinpaiene | me] | 20 | | a | Bowen IPT 
itera quceh esto | Ve | - | [- fav | 
FReiesdsqsch esta | Von | =| 250 | - [av | 

ae ——— 


' Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 








Receive timing jitter 


Switching Characteristics! (Ta = 0 to 70°C, V,, = 5V 5%) 


Time link loss 
Time between Link Integrity Pulses 


Valid interval for received Link 
Integrity Pulses 


Link Integrity Timing 
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Switching Characteristics (Ta = 0 to 70 °C, V,,, = 5V +5%) | 


[acme —————*d Smbat | in |e [wer | Ue 
Serial interface Timing ae ae | | 
SCLK low time 100 
SCLK hightime _ tt 
CS to SCLK setup time t. 
SCLK to CS hold time ae Oe 
CS inactive time te 
SDAT to SCLK setup time tag 


SCLK to SDAT hold time t 


SCLK to SDAT valid tee Nn al 
~SCLK falling edge or CS rising edge to tg 
SDAT high Z 


100 
100 


SCLK rise/fall time a 

Transmit Timing (Single Ended Mode) fe 

TXP setup time toCLK high 20 

TXP hold time from CLK high ae a 

Transmit Timing (Differential Mode) He pacccae ull 

TXP rising edge to PDC rising edge i ae 
po 


to 
© 


7) 
© 


ceatcal 
TXP low to PDC low a ae 
TXP high to TXNlow — 
TXP low to TXN high | =e a a 
Receive Timing ae ae 
Valid receive datatoCRS high a a 
~ Receive steady state propagation delay eet 
~ Receive turn-off to CRS low ae 


Receiver jitter 


CRS high to RXD low 


Receive Start-up delay se 


500 
100 
00 
+1.5 
00 


BA 


, + | I+ 
WC LF) 


— 


500 


Transmit start-up delay 200 


TXP/TXN rise/fall time. ae 
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Figure 2: LXT903 Serial Interface Timing 


SDAT 
Write 





SDAT 
Read 





Figure 3: LXT903 Transmit Timing - Single Ended Input Mode 





Figure 4: LXT903 Transmit Timing - Differential Input Mode 
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‘Figure 5: LXT903 Receive Timing 


TPIP/N _ 


Functional Description 


The LXT903 hub transceiver interfaces a hub controller to 
unshielded twisted-pair cables, transferring data in both 
directions. The hub side of the interface comprises three 
Circuits: Transmit (the DO output from the hub controller), 
‘Receive (the DI input to the hub controller), and Status/ 
Command. The twisted-pair network side of the interface 
comprises two circuits: Twisted Pair Input (TPI) and 
Twisted Pair Output (TPO). In addition to these basic 
circuits, the LXT903 contains logic controls and LED driv- 
ers for status indications. 


Functions are defined from the hub side of the interface. The 
LXT903 Transmit function refers to data transmitted by the 
hub over the DO circuit to the twisted-pair network. The 
LXT903 Receive function refers to data received by the hub 
over the DI circuit from the twisted-pair network. In 
addition to basic transmit and receive functions, the LXT903 
performs some of the MAU functions defined by the IEEE 
_ 802.3 10Base-T specification such as link integrity testing 

and jabber control. The LXT903 also offers extensive 

software control and status reporting capabilities available 
through the serial interface. 


Transmit Function | 

The LXT903 transfers manchester encoded, CMOS level 
data from the hub controller to the twisted-pair network (the 
TPO circuit). The output signal on TPON and TPOP is pre- 
distorted to meet the 10 Base-T jitter template. The output 
waveform (after the transmit filter) is shown in Figure 6. 
During idle periods, the LXT903 transmits link integrity test 
pulses on the TPO circuit. Transmitter inputs can be differ- 
ential or single-ended, as selected by the D/S pin. The 
differential input is TXP/TXN. Single- -ended input is sup- 

oe by TXP. 
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Single Ended Input Mode _ 

The single ended transmit interface consists of TXP, Port 
Enable (PE) and the 20 MHz clock input (CLK). In the 
single-ended mode, TXP is sampled before transmission at — 
the 20 MHz clock rate and must meet the specified setup and 
hold times relative to the CLK input. Predistortion control 
is generated internally. PE must be high for transmission to 
occur. Transmission begins at the first low-going data on 
TXP. End of Frame is detected when TXP is held high for 
more than 150 ns (plus setup and hold times). 


Differential Input Mode 

In the differential input mode, the transmit interface consists 
of TXP and TXN, PE, PDC, and the Transmit Enable input 
(TEN). Transmission starts when PE is high and TENis low, 


- andends when either PEor TEN goes inactive. Predistortion 


control is provided by the PDC input. 


Receive Function 

The LXT903 receive function accepts serial data from the 
twisted-pair network (the TPI circuit), converts ittoaCMOS 
level signal, and passes it to the hub controller. An internal 
squelch function discriminates noise from link test pulses 
and valid data streams. Only valid data streams activate the 
receive function. If the differential signal at the TPI circuit 


Figure 6: LXT903 TPO Output Waveform 








(408 LEVEL 
‘(Conte 


input falls below 75% of the threshold level (unsquelched) 
for 8 bit times (typical), the LXT903 receive function will 
enter the idle state. A reduced threshold is available which 
lowers the squelch level by 4.5 dB. Reducing the squelch 
level extends the network range when used with a low-noise 
media such as shielded twisted-pair. In the software control 
mode, the reduced threshold is selected through the serial 
interface. In the hardware mode, the reduced threshold is 
selected by tying the TH pin low. 


Polarity Reverse Function. 


The LXT903 polarity reverse function uses both link pulses 


and end-of-frame data to determine polarity of the received 
signal. Areversed polarity condition is declared when eight 
opposite link pulses are received without receipt of a link 
pulse with the expected polarity. Reversed polarity is also 
declared if four frames are received with a reversed start-of- 
idle. Whenever reversed polarity is declared, these two 


Figure 7: Jabber Control Function 
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~ counters are reset to zero. If the LXT903 enters the link fail 


state and no receive data or link pulses are received within 96 
to 128 ms, the polarity is reset to the default (non-flipped) 
condition. (If Link Integrity is disabled, polarity detection is 
based only on received data.) 


Jabber Control Function — 

Figure 7 is a state diagram of the LXT903 Jabber control 
function. In the software mode, jabber control may be 
disabled through the serial port. In the hardware mode, 
jabber control is enabled at all times. The LXT903 on-chip 
watchdog timer prevents the device from locking into a 
continuous transmit mode. When a transmission exceeds 
the time limit, the Watchdog timer disables the transmit 
function. Once the LXT903 is in the jabber state, the 
transmit circuit must remain idle for a period of 491 to 525 
ms before it will exit the jabber state. 


Link Integrity Test 

Figure 8 is astate diagram of the LXT903 Link Integrity Test 
Function. The Link Integrity Test is used to determine the 
status of the receive side twisted-pair cable. Link testing is 
enabled when the LTE pin is tied high. When enabled, the 
receiver recognizes link integrity pulses which are transmit- 
ted in the absence of receive traffic. If no serial data stream 
or link integrity pulse is detected within 50 - 150 ms, the chip 
enters alink fail state and disables the transmit function. The 
LXT903 ignores any link integrity pulse with interval less 
than 2 - 7 ms. The LXT903 will remain in the link fail state 
until it detects either a serial data packet or two or more link 
integrity pulses. Link activity is indicated by a low on the 
LEDL pin. 


Hardware Control Mode 


In hardware control mode the serial port is not used, and the 
transceiver is accessed and controlled through individual 
pins. Hardware control mode is selected when the H/S pin 
is set to a logic 1. 


Software Control Mode 


To allow a microprocessor to access and control the LXT903 
through the serial interface, the H/S pin is set to logic 0. The 
serial interface consists of three signals: the Chip Select 
input (CS), the bidirectional Serial Data port (SDAT), and 


_a Serial Clock (SCLK). The LXT903 incorporates a stan- 


dard microcontroller interface which operates with any 
standard 8051 using TXD/RXD (port 3) for SCLK and 
SDAT, and any port forCS. The SCLK frequency should be 
5 MHz or less. In software control mode, the LEDL pin is 
reconfigured as an interrupt out (INT). INT is an open drain, 
active low which is set by any of three conditions: Jab, Link 
Fail, or Non-Correctable Polarity. The INT signal stays 
active until CS goes active (low). The INT bit remains set 
until the first port read cycle. Once set and then cleared, INT 
will not set again until all failure interrupts return to a pass 
state. The INT signal can be masked by bit C4 of the 
Command word. The serial data (SDAT) is contained in a 
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16-bit word consisting of an 8-bit Address/Command byte 
and an 8-bit Command/Status byte. Figure 9 shows the serial 
interface data structure and timing. 


The Address/Command bits are assigned as follows: 


ACO Test Mode. Must be 0 (1 reserved for Factory) 
AC1 Address Bit 0. Must be 0 (reserved) 

AC2 — Address Bit 1. Must be 0 (reserved) 

AC3 — Address Bit 2. Must be 1 (reserved) 

AC4 Read/Write. 1 = Read, 0 = Write 

ACS Must be 0 (reserved) 

AC6 = Must be 0 (reserved) 

AC7 ~~ Must be 0 (reserved) 

Figure 8: Link Integrity Test Function 


Power On 


IDLE TEST 


Start_Link_Loss_ Timer 
Start_Link_Test_Min_Timer 


The Command (Write) bits are assigned as follows: 


C0 Shut Down (TXP/TXN and TEN are ignored, 
RXD and CRS go to high impedance. Standard 
transmit functions are disabled, but Link Pulse 
reception/transmission continue.) 

Cl Link Test Enable/Disable 

C2 Jabber Enable/Disable 

C3 Polarity Correction Enable 

C4 Mask Interrupt (Prevents the open drain INT pin 
from going active.) 

C5 Reduced Threshold 
(Receive threshold reduced by 4.5 dB.) 

C6 Must be 0 (reserved) 

C7 Must be 0 (reserved) 


TPI = Active + 
(Link_Test_Revd = True 


* Link_Test_Min_Timer_Done) 


Link_Loss_Timer_Done 
* TP! = Idle 
| * Link_Test_Revd = False 


LINK TEST FAIL RESET 


Link_Count = 0 
XMIT = Disable 
RCVR = Disable 


Link_Test_Revd = False 


TPI = Active 
. ¢ TPI = Idle 


TPI = Active 


LINK TEST FAIL WAIT 


XMIT = Disable 
RCVR = Disable 
Link_Count = Link_Count + 1 


Link_Test_Revd = Idle 
* TPI = Idle 


TPI = Active 


_ LINK TEST FAIL 


Start_Link_Test_Min_Timer 
Start_Link_Test_Max_Timer 
XMIT = Disable 
RCVR = Disable 


+ Link_Count = LC_Max 


LINK TEST FAIL EXTEND 


XMIT = Disable 
RCVR = Disable 


TPI = Idle * 
DO = Idle 
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Link_Test_Min_Timer_Done 
* Link_Test_Revd = True 


(TPI = Idle * Link_Test_Max_Timer_Done) 
(Link_Test_Min_Timer_Not_Done 
* Link_Test_Revd = True) 





SLEVEL 
(ic ONE @ 


The Status (Read) bits are assigned as follows: 

SO Link Test Fail/Pass 

Sl Jabber On/Off 

S2 Polarity Reversed/Normal 

S3 Receiver Active (Cleared on Read) 
$4 Transmitter Active (Cleared on Read) 

S5 Interrupt (Cleared on Read) 

S6 Don't Care 

S7 Don't Care 


LXT903 10Base-T Hub Transceiver 


The LXT903 serial port is accessed by causing the Chip 
Select (CS) input to transition from high to low. Bit 4 of the 
serial Address/Command byte provides Read/Write control 
when the chip is accessed. A logic 1 indicates a read 
operation, and a logic 0 indicates a write operation. 


Figure 9: LXT903 Serial Interface Data Structure 


COMMAND / ADDRESS BYTE 


ADDRESS / 
COMMAND 
BYTE 


BYTE 


or 


OUTPUT 
STATUS 
BYTE 


SECO LEVEL 
| (ee oNE ® 


COMMAND INPUT / STATUS OUTPUT BYTE 


RW = 1: READ - X = Don't Care 
R/W =0: WRITE 
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Applications 


Figure 10 shows the LXT903 in a typical hardware control 
application. The LXT903 hub transceivers interface the 
Hub Controller to the RJ45 connectors of the twisted pair 
network. The D/S pin is grounded, effecting the single 
ended mode, so TXN, PDC and TEN are not connected. An 
external source provides the required 20 MHz clock signal. 
Transmit and receive filters are required in the TPO and TPI 





circuits. Details of the transmit and receive filters are shown | 
in Figures 11 and 12, respectively. (Differential filters are 
also recommended.) Integrated filters such as the Valor 
PT3877, Fil-Mag 78Z1120B or Pulse Engineering PE65421 
may be used. Figure 13 shows a typical software control. 
application, operating in the differential input mode (D/S is 
tied high) with TXN, TEN, and PDC connected. 


Figure 10: Typical LXT903 Hardware Control Application 


HUB | 
CONTROLLER 


LXT903 CLK 


47.59 —__—_> 
TPOP - i FILTER E 
TPON Tx FILTER 
Twisted Pair 
a To/From 
be RX aaa Niatwei 
Rx FILTER 
50 Q = 
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TPIP 
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Figure 11: Transmit Filter Diagram Figure 12: Receive Filter Diagram 
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LXT906 
Ethernet Twisted-Pair / Coax Adapter 





The LXT906 Twisted-Pair / Coax Adapter is designed to 
allow a cost effective Ethernet implementation in a mixed 
media environment. Combined with acoax transceiver such 
as the DP8392, the LXT906 offers a complete adapter 
solution. 


LXT906 functions include level-shifted data pass-through 
from one transmission media to another, collision detection 
and propagation, and automatic correction of polarity rever- 
sal on the twisted pair input. It also includes LED drivers for 
jabber, coax receive and collision, twisted pair receive and 
collision, reversed polarity detect and link indication func- 
tions. 


The LXT906 is an advanced CMOS device and requires only 
a single 5 volt power supply. | 





Standard Product 
January 1994 





Direct interface to Coax transceiver and to RJ45 
connectors. 


Collision detection and propagation 


Internal predistortion generation 


Internal common mode voltage generation 


Selectable link test 


Twisted-pair receive polarity reverse detection and 
correction 


LED drivers for TP and coax receive; TP and coax 
collision; jabber, link active and reversed polarity 
indicators 


Single 5 V supply, CMOS technology 


Available in 28-pin PLCC 





















































AIP COAX PULSE TPOP 
AIN les SHAPING nl TPON 
WATCHDOG 
TIMER POLARITY 
‘Seteer 

AOP a COAX TP a ae TPIP 
AON DRIVER an) RECEIVER TPIN 
LI INTEGRITY oe 
LCXC 

CIP COLLISION | ae 
REPEATER LTPC 
CIN RECEIVER LOGIC leED |. eR 
DRIVER | [PLR 
CLKI Pee ed LLNK 
CLKO OSC JAB 

(ie EL 
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CLKO 


TST1 
CLKI TST2. 
GND1 VCC1 
RBIAS CIP 
LI CIN 
TPIP AIP 
TPIN AIN- 













Pin DeseniEvons 
Open drain driver for the TP Receive indicator LED. 


~ TP Receive LED 
Driver Output pulls low whenever TP receiver is active. __ 
LPLR TP Reverse Polarity | Open drain driver for the TP Reversed Polarity indicator LED. 
LED Driver Output pulls low whenever reversed polarity is detected. 


LLNK TP Link LED Open drain driver for the TP Link indicator LED. 
Driver Output goes high whenever link is active. 



















Jabber LED 
Driver 


Open drain driver for the Jabber indicator LED. 
Output pulls low whenever LXT906 is in a jabber condition. 


's 
anEE 
oD 


Crystal The LXT906 requires either a 20 MHz crystal (or ceramic resonator) 
Oscillator connected across these pins, or a 20 MHz clock applied at CLKI. 


Resistor Bias control pin for the operating circuit. Bias set from external 
Bias Control resistor to ground. External resistor value = 12.4 kQ (+ 1%). 


Link Integrity Enables Link ee Testing when tied high. 


Twisted-Pair Differential receive inputs from the twisted pair input filter. 
Receive Inputs 


a 
Zz 
S| 


Aw 
g3 ic 2 
a a ed 77 






TPOP Twisted-Pair Transmit drivers to the twisted-pair output filter. The output is 
TPON Transmit Manchester encoded and pre-distorted to meet the 10Base-T 
Outputs template. 









ee 
Z 
o 
NS 


Power Supply 2 +5 V power supply input. 


AUI Out Negative | Differential driver output pair connected to the Coax AUI. 
AUI Out Positive 


Test pin for factory use. This pin must be left unconnected. 


@LEVEL 
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Pin Descriptions continued 


_ Description 


AUI In Negative Data input pair from the Coax AUI. 

AUI In Positive 

Collision Negative | Differential input pair tied to the collision presence pair of the 
Collision Positive | Ethernet Coax transceiver. 

Power Supply 1 +5 V power supply. 


Test Pin 2 Test pins reserved for factory use. 
Test Pin 1 These pins must be left unconnected. 
Coax (AUT) Open drain driver for the Coax Receive indicator LED. 
Receive LED Driver | Output pulls low whenever coax receiver is active. 


Coax Collision Open drain driver for the Coax Collision indicator LED. 
LED Driver Output pulls low whenever a collision is detected on the coax 
circuit. 


TP Collision Open drain driver for the TP Collision indicator LED. 
LED Driver Output pulls low whenever a collision is detected on the TP line. 





Absolute Maximum Ratings* 


* Exceeding these values may cause permanent damage. ¢ Supply Voltage Va -0.3 Vto6V 
Functional operation under these conditions is not * Operating temperature T,, 0 °C (min) to +70 °C (max) 
implied. Exposure to maximum rating conditions for —_« Storage temperature 4 i -65 °C (min) to +150 °C (max) 


extended periods may affect device reliability. 


Recommended Operating Conditions (Voltages are with respect to om unless otherwise specified.) 
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Switching Characteristics (Ta = 0 to 70°C, V..=5V+5 %) 


cc 


entiming CS 
[Tanitine SSS 
ean 


Link Integrity Timing 


Time link loss? 












Time between Link Integrity Pulses? 
Interval for valid receive Link Integrity Pulses? 


ON 
NM 


1200 


Jabber Timing 






Nn 


— _— 


ON 


Unjab time 
LED Timing 


Maximum transmit time 


65 
3.9 
100 


Collision Timing 
End of collision to end of jam 


Transmit recovery time bit 





TP receive to AUI transmit 500 pons 
{| AUlI receive to TP transmit 200 } ons 


"Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
_ *Switching times reduced by a factor of 1024 during Test mode. 


AUI Electrical Characteristics (Ta = 0 to 70°C, V..=5 V+5 %) 


[Parameter [Symbol 
Cowowanen | 
pw eke | 


Te 
OD 
DS 


Differential squelch threshold 
Receive input impedance 


' Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
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V/O Electrical Characteristics (Ta = 0 to 70 °C, V..=5 V+5 %) 


» "CC 


Output low voltage . auinabaias Load current = 10 mA 


(Open drain LED Driver) 


' Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
? Not including TPIN, TPIP, AIP, AIN, CIP or CIN. 






























Supply current 
(Vool = V,.2 = 5.25 V) 








transmitting all ones 
Input between VCC and | 
GND 









Input leakage current’ 





TP Transmit Characteristics (Ta = 0 to 70°C, V,, =5 V5 %) 


Peak differential output Rcemaeneieseeat Rn Load = a Q at TPOP 
and TPON 
Transmit timing jitter addition ” + After Tx filter, 
| 0 line length 


' Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
? Parameter is guaranteed by design; not subject to production testing. 









TP Receive Characteristics (Ta=0to 70°C, V..=5V+t5 


1 cc 


Receive input impedance ak ee A i Se Ee Between TPIP/TPIN 


item sq eid | Vqe [| — | [fav | 
[Resivetninginer= | - | =| - [1s [| 


' Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
? Parameter is guaranteed by design; not subject to production testing. 
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Functional Description 


The LXT906 interfaces the coaxial transceiver (AUD) to the | 


unshielded twisted pair cables, transferring data in both 
directions. The AUI side of the interface comprises three 
circuits: Data Output (AO), Data Input (AI) and Collision 
Interface (CI). The twisted pair network side of the interface 
comprises two circuits: Twisted Pair Input (TPI) and 
Twisted Pair Output (TPO). In addition to the five basic 
circuits, the LXT906 contains an internal crystal oscillator, 
various logic controls and seven LED drivers for status 
indications. 


Coax to TP Function 


The LXT906 receives data from the coax transceiver on the 
AI circuit and transmits it to the twisted pair network on the 
TPO circuit. The output signal on TPON and TPOP is pre- 
distorted to meet the 10Base-T jitter template. The output 
waveform (after the transmit filter) is shown in Figure 2. If 
the differential inputs at the AI circuit fall below 75% of the 


threshold level for 8 bit times (typical), the LXT906 TP © 


transmit function will enter the idle state. During idle 
periods, the LXT906 transmits link integrity test pulses on 
the TPO circuit. 


Figure 2: LXT906 TPO Output Waveform 





TP to Coax Function 


The LXT906 receives data from the twisted pair network on 
the TPI circuit and transmits it to the coax transceiver on the 
AO circuit. An internal squelch function discriminates noise 
from link test pulses and valid data streams. Only valid data 
streams activate the TP receive function. If the differential 
inputs atthe TPI circuit fall below 75% of the threshold level 
(unsquelched) for 8 bit times (typical), the LXT906 TP 
receive function will enter the idle state. The Coax-to-TP 
data path is disabled when the TP-to-Coax path is active. 
The Coax-to-TP path is enabled 9 bit times after end of TP- 
to-Coax transmission. 
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Polarity Reverse Function 


The LXT906 polarity reverse function uses both link pulses 
and end-of-frame data to determine polarity of the received 
signal. A reversed polarity condition is detected when eight 
link pulses of the opposite (unexpected) polarity are re- 
ceived without receipt of a link pulse with the expected 
polarity. Reversed polarity is also detected if four frames are 
received with a reversed start-of-idle. Whenever polarity is 
reversed, these two counters are reset to zero. If the LXT906 
enters the link fail state and no data or link pulses are 
received within 96 to 128 ms, the polarity is reset to the 
default non-flipped condition. (If Link Integrity is disabled, 
polarity detection is based only on received data pulses.) 
The LXT906 automatically corrects for reversed polarity. 


Jabber Function 


The LXT906 interrupts its output if it has transmitted con- 
tinuously for longer that 5 ms on TPOP/TPON or AOP/ 
AON. During jab the repeater state machine is disabled. 
Transmission is re-enabled when no activity has been de- 
tected on TPIP/TPIN or AIP/AIN for 6.4 Us. 


Link Integrity Test Function 


Figure 3 is astate diagram of the LXT906 Link Integrity Test 
Function. The Link Integrity Test is used to determine the 
status of the twisted pair cable. Link integrity testing is 
enabled when the LI pin is tied high. When enabled, the 
receiver recognizes link integrity pulses which are transmit- 
ted in the absence of receive traffic. If no serial data stream 
or link integrity pulses are detected within 50 - 150 ms, the 
chip enters a link fail state and disables the transmit function 
and the repeater state machine. The LXT906 ignores any 
link integrity pulse with interval less than 2 - 7 ms. The 
LXT906 will remain in the link fail state until it detects either 
a serial data packet or two or more link integrity pulses. 


Collision Propagation Function 


A TP collision is defined as the simultaneous presence of 
valid signals on both the TPI circuit and the TPO circuit. A 
Coax collision is detected when a valid collision signal is 
present at CIP/CIN. Ifa collision is detected the appropriate 
collision LED (TP or coax) is activated and a Jam frame is 
transmitted as described in Figure 4. The Jam length is 
always a minimum of 96 bits: 64 bits of alternating 1's and 
0's, followed by an all 1's pattern. : 





(eNa 
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Figure 3: Link Integrity Test Function 


Power On 





IDLE TEST 


Start_Link_Loss_Timer 
Start_Link_Test_Min_Timer 

















TPI = Active + 
(Link_Test_Revd = True 
* Link_Test_Min_Timer_Done) 










Link_Loss_ Timer_Done 
* TPI = Idle 
* Link_Test_Revd = False 


LINK TEST FAIL RESET 





LINK TEST FAIL WAIT 







Link_Count = 0 
XMIT = Disable XMIT = Disable 
RCVR = Disable RCVR = Disable 









Link_Count = Link_Count + 1 


TPI = Active Link_Test_Revd = False 


¢TPl =Idle 





TPI = Active Link_Test_Revd = Idle 


* TPI = Idle 










LINK TEST FAIL 





Start_Link_Test_Min_Timer 
Start_Link_Test_Max_Timer 
XMIT = Disable 
RCVR = Disable 








TPI = Active 
+ Link_Count = LC_Max 


LINK TEST FAIL EXTEND 


XMIT = Disable 
RCVR = Disable 










Link_Test_Min_Timer_Done 
|* Link_Test_Revd = True 





(TPI = Idle * Link_Test_Max_Timer_Done) 
(Link_Test_Min_Timer_Not_Done 


*Link_Test_Revd = True) 
t TPl = Idle * 


DO = Idle 
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LXT906 State Diagram Description of State diagram variables : 


The state diagrara, Figure 4, describes the operation of the cXcoll: Coax collision active 
LXT906. It is similar to a repeater state diagram, however  TPcoll: TP collision active 
the 906 does not provide retiming, preamble regenerationor  ©Xact.: Coax data active 
fragment extension. The LXT906 avoids fragment genera- TPact : TP data active 


tion by using a minimum Jam size of 96 bits. Since the TP Twi : 9 bit time 
side does not have a receive collision detection it is not. TWw2 ‘2 3 bit time _ 
considered in this implementation. Jam °: Minimum 96 bit time 


Figure 4: LXT906 State Diagram | 


Power On 
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LXT907 Ethernet Interface for Hub, Switch & Adapter Applications 


Advance Information 
December 1993 






LXT907 
Ethernet Interface for Hub, Switch and Adapter Applications (Internal MAU) 


The LXT907 Hub/Switch/Repeater Ethernet Interface is | Functional Features 
designed for IEEE 802.3 physical layer applications. It 
provides, in a single CMOS device, all the active circuitry 
for interfacing most standard 802.3 controllers to either the © * Integrated Manchester Encoder/Decoder 
10Base-T media or Attachment Unit Interface (AUD). 


¢ Integrated Filters - No External Filters Required 


¢ 10Base-T compliant Transceiver 


LXT907 functions include Manchester encoding/decoding,  ° AU! Transceiver 

receiver squelch and transmit pulse shaping, jabber, link Full Duplex Capable (20 Mbps) 
testing and reversed polarity detection/correction. The ; 

LXT907 can be used to drive either the AUI drop cable or the SORvenience Deaures 
10Base-T twisted-pair cable with only a simple isolation | * Automatic/Manual AUI/RJ45 Selection 
transformer. No external filters are required. The LXT907 
can be used with both standard (10 Mbps) and full-duplex 
(20 Mbps) Ethernet controllers. ¢ SQE Disable/Enable function 


¢ Power Down Mode 





e Automatic Polarity Correction 


The LXT907 is fabricated with an advanced CMOS process 
and requires only a single 5-volt power supply. 


¢ Four loopback modes for better testing 

Diagnostic Features | 

eto staan : ¢ Four LED Drivers 

¢ Hub/Switches for dedicated LAN connections | e AUI/RIJ45 Loopback 

¢ Computer/workstation 10Base-T LAN adapter boards ¢ Remote Signaling of Link Down and Jabber conditions 
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Port Select / 
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vatibility Mode Options 


Setting: 
MD1 MDO 


Mode 1 - For Advanced Micro Devices 

AM7990 or compatible controllers 

Mode 2 - For Intel 82586, 82596 or 0 1 
compatible controllers | 


Table 1: Controller Com 











Controller Mode 





TPIN 
TPIP 


DSQE 
TPONB 


_ TCLK : TPONA 
sa LXT907 eee 


TEN | 44-pin PLCC . GND2 


RLD 
ul 
JAB 
TEST 








. 
' t 
. e 
or 
w 
e 
e 







CLKO | TPOPA 
Mode 3 - For Fujitsu MB86950, MB86960 ran TeOHE 
or compatible continuous clock type AUTOSEL Sane 


© 
© 
oO 
ine) 


controllers (Seeq 8005) 






. P ; eztwY «nr-FaAxX 
Mode 4 - For National Semiconductor 8390 a a TF a a 2 x - >< Od 
or compatible controllers (TI TMS380C26) eo = Q Ono or 

, Lu Lu 
ae | pees | 





Table 2: Pin Descriptions | 


1 vcc 1 Power Inputs 
34 | VCC2 Land 2 
2 CIP AUI Collision 
| 3 CIN Pair 
| 4 | NTH Normal | When NTH = 1, the normal TP squelch threshold is enabled. 
Threshold 








+ 5 volt power supply inputs. 










Differential input pair connected to the AUI transceiver CI circuit. 
The input is collision signaling or SQE. 











When NTH = 0, the normal TP squelch threshold is reduced by 4.5 dB. 


| : MD0O Mode Select 0 | Mode select pins determine controller compatibility mode in accordance with 
MD1 Mode Select 1 | Table 1, above. | 
ee Output goes high to signal to the controller that the remote port is in link 
‘Down | 


down condition. 
1 | Link Test able Test Link Test Enable Controls Link Integrity Test; enabled when LI = 1, disabled ich Li= 0. 


a Jabber Indicator | Output goes high to indicate Jabber state. 
: mare ee foe 


) TCLK Transmit Clock | A 10 MHz clock output. This clock signal should be directly connected to the 
transmit clock input of the controller. 
aialiineed Input signal containing NRZ data to be transmitted on the network. TXD is 
















connected directly to the transmit data output of the controller. | 


TEN Transmit Enable | Enables data transmission and starts the watchdog timer. Synchronous to 
| TCLK (see Figures 4, 10, 16 and 22 for details). | 
14 |CLKO ~ Crystal | A 20 MHz crystal (Mtron MP-1/MP-2) must be connected across these pins, 
15 CLKI Oscillator ora 20 MHz clock applied at CLKI with CLKO left open. . 
eee Collision Detect.| Output which drives the collision detect input of the controller. 
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Table 2: Pin Descriptions continued 


eee] orm [o]_teme [ten 


17 AUTO Automatic When AUTOSEL = 1, automatic port selection is enabled (the LXT907 
SEL Port Select defaults to the AUI port only if TP link integrity = Fail). When 
AUTOSEL = 0, manual port selection is enabled (the PAUI pin determines 
the active port). 
18 


LEDR Receive LED | Open drain driver for the receive indicator LED. Output is pulled low 
during receive, except when data is being looped back to DIN/DIP from a 
remote transceiver (external MAU). LED “‘On” (i.e., low output) time is 
extended by approximately 100 ms. - 


LEDT/ Transmit LED/ 
PDN Power Down 







—_ 










Open drain driver for the transmit indicator LED. Output is pulled low 
during transmit. LED “On” (i.e., low output) time is extended by approxi- 
mately 100 ms. If externally tied low, the LXT907 goes to power down 
state. 
















No 
Oo 


Link LED Open drain driver for link integrity indicator LED. Output is pulled low 
during link test pass. If externally tied low, internal circuitry is forced to 


“Link Pass" state and LXT907 will continue to transmit link test pulses. 


iw) 
~— 







Collision LED/ 
Full Duplex 
Enable 







Open drain driver for the collision indicator LED pulls low during colli- 
sion. LED “On” (i.e., low output) time is extended by approximately 100 
ms. If externally tied low, the LXT907 enables full duplex operation by 
disabling the internal TP loopback and collision detection circuits in 

, anticipation of external TP loopback or full duplex operation. 


Loopback Enables internal loopback mode. See Figure 7 (Mode 1), Figure 13 (Mode 2), | 
Figure 19 (Mode 3) and Figure 25 (Mode 4) for details. 
Ground Returns | Grounds. 
1 and 2 : 
Bias Control | A 12.4 kQ 1% resistor to ground at this pin controls operating circuit bias. 
Remote Output goes high to signal the controller that the remote port is compatible 
Compatibility | with the LXT907 remote signaling features. | 
Output signal connected directly to the receive data input of the controller. 
An output to notify the controller of activity on the network. 


Receive Clock | A recovered 10 MHz clock which is synchronous to the received data and 

connected to the controller receive clock input. | 
Remote Jabber | Output goes high to indicate that the remote port is in Jabber condition. 
Polarity Reverse} Output goes high to indicate reversed polarity at the TP input. 
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31 Twisted-Pair | Two differential driver pair outputs (A and B) to the twisted-pair cable. 
36 Transmit Pairs | The outputs are pre-equalized; no external filters are required. 

32 A&B _Two pairs must be shorted together with 24.9 Q 1% resistors to match 
35 impedance of 100Q UTP. | | bg 
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Table 2: Pin Descriptions continued 


- Description 


Disable ‘When DSQE = 1, the SQE function is disabled. 
— SQE When DSQE = 0, the SQE function is enabled. SQE must be disabled for 
normal operation in Hub/Switch/Repeater applications. 


Twisted-Pair | A differential input pair from the twisted-pair cable. Receive filter is 
Receive Pair | integrated on-chip. No external filters are required. 


Port/AUI In Manual Port Select mode (AUTOSEL = 0), PAUI selects the active 
Select - port. When PAUI = 1, the AUI port is selected. When PAUI = 0, the TP 
port is selected. In Auto Port Select mode, PAUI must be tied to ground. 


AUI Receive | Differential input pair from the AUI transceiver DI circuit. 
Pair The input is Manchester encoded. 


AUI Transmit | A differential output driver pair for the AUI transceiver cable. The 
Pair output is Manchester encoded. . 








Table 3: Operating Conditions (Voltage with respect to ground unless otherwise specified.) 


etter Te fo fff 
pe [=f 8 [eat | 
25 Sees 


' Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 

















| Normal mode 
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Table 4: VO Electrical Characteristics (Ta = 0 to 70 °C, V,, = 5V +5%) 


(Open drain LED Driver) 


Output high voltage 


Output rise time . 
Output fall time 
TCLK & RCLK 


CLKI duty cycle (externally driven) ” 


' Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
2 Limited functional test patterns are performed under these input conditions. The majority of functional tests are performed at levels 
of OV and 3V. This applies to all inputs except TPIP, TPIN, DIP, DIN, CIP and CIN. | 


Table 5: AUI Electrical Characteristics (Ta = 0 to 70 °C, V,, = 5V +5%) | 


Parameter 
Input low current 





se 
Cav 


Differential output voltage mV aa 
Differential squelch threshold — | 350 mV | 5 MHz square wave input 


' Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 





Table 6: TP Electrical Characteristics (Ta = 0 to 70 °C, V,,, = 5V +5%) 








Transmit timing jitter added by “ste 59 +5.5 After line model specified by IEEE 
the MAU and PLS sections 2:3 802.3 for LOBase-T internal MAU 


Receive input impedance Zin 20 Between TPIP/TPIN, 
, CIP/CIN & DIP/DIN 






Differential squelch threshold 
- Normal (NTH = 1) 5 MHz square wave input 


- Reduced (NTH = 0) mV | 5 MHz square wave input 


' Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. — 
? Parameter is guaranteed by design; not subject to production testing. 
3 TEEE 802.3 specifies maximum jitter additions at 1.5 ns for the AUI cable, 0.5 ns from the encoder, and 3.5 ns from the MAU. 


SLEVEL | | | | 
(eye 3 « ™ 
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Functional Description 


The LXT907 Universal Ethernet Interface Transceiver per- 
forms the physical layer signaling (PLS) and Media Attach- 
ment Unit (MAU) functions as defined by the IEEE 802.3 
specification. It functions as a PLS-Only device (for use 
with 10Base-2 or 10Base-5 coaxial cable networks) or as an 
Integrated PLS/MAU (for use with 10Base-T twisted-pair 
networks). — = 


The LXT907 interfaces a back end controller to either an 
AUI drop cable or a twisted-pair (TP) cable. The controller 
interface includes transmit and receive clock and NRZ data 
channels, as well as mode control logic and signaling. The 
AUI interface comprises three circuits: Data Output (DO), 
Data Input (DI) and Collision (CI). The twisted-pair inter- 
face comprises two circuits: Twisted-Pair Input (TPI) and 
Twisted-Pair Output (TPO). In addition to the three basic 
interfaces, the LXT907 contains an internal crystal oscillator 
and four LED drivers for visual status reporting. 


Functions are defined from the back end controller side of. 


the interface. The LXT907 Transmit function refers to data 
transmitted by the back end to the AUI cable (PLS-Only 
mode) or to the twisted-pair network (Integrated PLS/MAU 
mode). The LXT907 Receive function refers to data re- 
ceived by the back end from the AUI cable (PLS-Only) or 
from the twisted-pair network (Integrated PLS/MAU 


mode). In the integrated PLS/MAU mode, the LXT907 
performs all required MAU functions defined by the IEEE 
802.3 10Base—T specification such as collision detection, 
link integrity testing, signal quality error messaging, jabber 
control and loopback. In the PLS-Only mode, the LXT907 
receives incoming signals from the AUI DI circuit with+ 18 
ns of jitter and drives the AUI DO circuit. 


Controller Compatibility Modes 


The LXT907 is compatible with most industry standard 
controllers including devices produced by Advanced Micro 
Devices (AMD), Intel, Fujitsu, National Semiconductor, 
Seeq and Texas Instruments. Four different control signal 
timing and polarity schemes (Modes 1 through 4) are re- 
quired to achieve this compatibility. Mode select pins (MDO 
and MD1) determine Controller compatibility modes as 
listed in Table 1. 


A complete set of timing diagrams is provided for each mode 
as follows: Mode 1 : Figures 2 - 7, 

Mode 2 : Figures 8 - 13, 

Mode 3 : Figures 14 - 19, 

Mode 4 : Figures 20 - 25. 
Related timing specifications are provided in Table 8 
(RCLK/Start-of-Frame), Table 9 (RCLK/End-of-Frame), 
Table 10 (Transmit Timing) and Table 11 (Collision Detec- 
tion, COL/CI Output and Loopback Timing). 


Table 7: Switching Characteristics (Ta = 0 to 70 °C, V,, = 5V +5%) 





Jabber Timing 









Time link loss 
Time between Link Integrity Pulses 


Interval for valid receive Link Integrity Pulses 





Link Integrity Timing: 
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Table 8: RCLK/Start-of-Frame Timing 





RCLK hold after CD off Min 
Rcv data throughput delay 
CD turn off delay ” 


Receive block out after TEN off 


COL (SQE) Delay after TEN off? 


LBK setup from TEN 





‘Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
*CD Turnoff delay measured from middle of last bit, so timing specification is unaffected by the value of the last bit. 
3 When SQE is enabled (DSQE = 0). - 
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- Figures 2 through 7 - Timing Diagrams for Mode 1(MD1 = 0, MDO = 0) 
Figure 2: Mode 1 RCLK/Start-of-Frame Timing 
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TPIP/TPIN 
or DIP/DIN 


{cD 
CD 


ror 
TRDH 


Lrfo]tfofrfofrfol]rafifsafo [1 
Notes: 


1. RXD changes at the rising edge of RCLK. The controller is sampled at the falling edge. © 









RXD 


Figure 3: Mode 1 RCLK/End-of-Frame Timing 
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TPIP/TPIN 
or DIP/DIN 


CD 


RXD 
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1. RXD changes at the rising edge of RCLK. The controller is sampled at the falling edge. 
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Figure 4: Mode 1 Transmit Timing 





Figure 6: Mode 1 COL/Ci Output Timing 


COL 


Notes: 
1. Valid when SQE enabled (DSQE = 0). 





Figure 7: Mode 1 Loopback Timing 
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TPIP/TPIN 
or DIP/DIN 





RXD > 
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1. RXD changes at the rising edge of RCLK. The controller is sampled at the falling edge. 





Figure 9: Mode 2 RCLK/End-of-Frame Timing 
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Notes: | | ae 
1. RXD changes at the rising edge of RCLK. The controller is sampled at the falling edge. 
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Figure 10: Mode 2 Transmit Timing 





Figure 11: Mode 2 Collision Detect Timing 





Figure 12: Mode 2 COL/CI Output Timing 


COL 


Notes: 
1. Valid when SQE enabled (DSQE = 0). 
2. The CD output is disabled for a maximum of 55 bit times after TEN tums off. 





Figure 13: Mode 2 Loopback Timing 
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Figure 14: Mode 3 RCLK/Start-of-Frame Timing 
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Notes: | | | | | 
1. RXD changes at the rising edge of RCLK. The controller is sampled at the falling edge. 





Figure 15: Mode 3 RCLK/End-of-Frame Timing 
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Notes: | | : 
1. RXD changes at the rising edge of RCLK. The controller is sampled at the falling edge. 
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Figure 16: Mode 3 Transmit Timing 





Figure 17: Mode 3 Collision Detect Timing 





Figure 18: Mode 3 COL/CI Output Timing 








ts0e0| 


eat tSQEP 
Notes: 
1. Valid when SQE enabled (DSQE = 0). 


Figure 19: Mode 3 Loopback Timing 
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Figure 20: Mode 4 RCLK/Start-of-Frame Timing 
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Notes: 7 
1. RXD changes at the falling edge of RCLK. The controller is sampled at the rising edge. 


Figure 21: Mode 4 RCLK/End-of-Frame Timing 
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1. RXD changes at the falling edge of RCLK. The controller is sampled at the rising edge. 


@LEVEL 
eo ONES 








3-76 


LXT907 Ethernet Interface for Hub, Switch & Adapter Applications 


Figure 22: Mode 4 Transmit Timing 





Figure 24: Mode 4 COL/CI Output Timing 


COL 


Notes: i 
1. Valid when SQE enabled (DSQE = 0) 





Figure 25: Mode 4 Loopback Timing 
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Transmit Function | 


The LXT907 receives NRZ data from the controller at the 
‘TXD input as shown in Figure 1, and passes it through a 
Manchester encoder. The encoded datais then transferred to 
either the AUI cable (the DO circuit) or the twisted-pair 
network (the TPO circuit). The advanced integrated pulse 
shaping and filtering network produces the output signal on 
_ TPON and TPOP, shown in Figure 26. The TPO output is 
pre-distorted and prefiltered to meet the 10 Base-T jitter 
template. An internal continuous resistor-capacitor fil- 
ter is used to remove any high-frequency clocking noise 
from the pulse shaping circuitry. No external filters are 
required. During idle periods, the LXT907 transmits link 
integrity test pulses on the TPO circuit (if LI is enabled and 
integrated PLS/MAU mode is selected). External resistors 
control the termination impedance. 


Figure 26: LXT907 TPO Output Waveform 


Qwiss 
i oe 
Figure 27: Jabber Control Function 


Power On 


_NO OUTPUT | 


. DO = Active 


NONJABBER OUTPUT 


Start_XMIT_Max_Timer 


DO =Idle DO = Active * 
XMIT_Max_Timer_Done 


JAB 


XMIT = Disable 
LPBK = Disable 
Cl = SQE 


DO = Idle 


UNJAB WAIT 


Start_Unjab_Timer 
XMIT = Disable 
LPBK = Disable 

Ci = SQE 


DO = Active * 
Unjab_Timer_Not_Done 


Unjab Timer Done 
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Jabber Control Function 


Figure 27 is a state diagram of the LXT907 Jabber control 


function. The LXT907 on-chip watchdog timer prevents the 
DTE from locking into a continuous transmit mode. When 
a transmission exceeds the time limit, the watchdog timer 
disables the transmit and loopback functions, and activates 
the JAB pin. Once the LXT907 is in the jabber state, the 
TXD circuit must remain idle for a period of 0.25 to 0.75 
seconds before it will exit the jabber state. 


SQE Function 


The LXT907 supports the signal quality error (SQE) func- 
tion as shown in Figure 28, although the SQE function can 


be disabled. After every successful transmission on the 


10Base-T network when SQE is enabled, the LXT907 
transmits the SQE signal for 1OBT + SBT over the internal 
CI circuit which is indicated on the COL pin of the device. 
When using the 10Base 2 port of the LXT907, the SQE 
function is determined by the external MAU attached. SQE 
must be disabled for normal operation in hub and switch 
applications. The SQE function is disabled when DSQE = 
1 and enabled when DSQE = 0. 


Figure 28: SQE Function 


Power On 


OUTPUT IDLE 


DO = Active 


OUTPUT DETECTED 


DO = Idle 


SQE WAIT TEST 


Start_SQE_Test_Wait_Timer 


SQE_Test_Wait_Timer_Done « 
XMIT = Enable 


XMIT = Disable 
+ DSQE = True 


| SQE TEST 


Start_SQE_Test_Timer 
Cl=SQE | 


SQE_Test_Timer_Done 
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Receive Function 


The LXT907 receive function acquires timing and data from 
the twisted-pair network (the TPI circuit) or from the AUI 
(the DI circuit). Valid received signals are passed through 
the on-chip filters and Manchester decoder then output as 
decoded NRZ data and receive timing on the RXD and 
RCLK pins, respectively. 


An internal RC filter and an intelligent squelch function 
discriminate noise from link test pulses and valid data 
streams. No external filters are required. The receive 
function is activated only by valid data streams above the 
squelch level and with proper timing. If the differential 


signal at the TPI or the DI circuit inputs falls below 75% of | 


the threshold level (unsquelched) for 8 bit times (typical), 
the LXT907 receive function enters the idle state. If the 
polarity of the TPI circuit is reversed, LXT907 detects the 
polarity reverse and reports it via the PLR output. The 
LXT907 automatically corrects reversed polarity. 


Polarity Reverse Function 


The LXT907 polarity reverse function uses both link pulses 
and end-of-frame data to determine polarity of the received 
signal. A reversed polarity condition is detected when eight 
consecutive opposite receive link pulses are detected with- 
out receipt of one link pulse or frame of the expected 
polarity. Reversed polarity is also detected if four consecu- 
tive frames are received with a reversed start-of-idle. 


Figure 29: Collision Detection Function 


DO = Active « 
TPI = Idle « 
XMIT = Enabled 


DO = Active « 
TPI = Active « 
XMIT = Enabled 


DO = Idle + 
XMIT = Disabled 


DO = Active « 
TPI = Idle 
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COLLISION 


TPO = DO 
DI=TPI . 
Cl = SQE 


If the LXT907 enters the link fail state and no valid data or 
link pulses are received within 96 to 128 ms, the polarity is 
reset to the default non-flipped condition. (If Link Integrity 
Testing is disabled, polarity detection is based only on 
received data.). Polarity correction is always enabled. 


Collision Detection Function 


The collision detection function operates on the twisted pair 
side of the interface. For standard (half-duplex) 10Base T 
networks, a collision is defined as the simultaneous presence 
of valid signals on both the TPI circuit and the TPO circuit. 
The LXT907 reports collisions to the back-end via the COL 
pin. If the TPI circuit becomes active while there is activity 
on the TPO circuit, the TPI data is passed to the back-end 
over the RXD circuit, disabling normal loopback. Figure 29 
is a state diagram of the LXT907 collision detection func- 
tion. Refer to Table 11 for collision detection and COL/CI 
output timing. (NOTE: For full-duplex operation, the colli- 
sion detection circuitry must be disabled.) 


Loopback Function 


The LXT907 provides the normal loopback function speci- 
fied by the 10 Base-T standard for the twisted-pair port. The 
loopback function operates in conjunction with the transmit 
function. Data transmitted by the back-end is internally 
looped back within the LXT907 from the TXD pin through 
the Manchester encoder/decoder to the RXD pin and re- 
turned to the back-end. This "normal" loopback function is 


DO = Active « 
TPI = Active « 
XMIT = Enabled 


DO = Idle 
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disabled when a data collision occurs, clearing the RXD _ 
circuit for the TPI data. Normal loopback is also disabled 
during link fail and jabber states. 


The LXT907 also provides three additional loopback func- 
tions. An external loopback mode, useful for system-level 
testing, is controlled by pin21 (LEDC). When LEDC is tied 
low, the LXT907 disables the collision detection and inter- 
nal loopback circuits, to allow external loopback. 


"Forced" TP loopback is controlled by pin 22 (LBK). When 
the TP port is selected and LBK = 1, TP loopback is "forced", 
overriding collisions on the TP circuit. When LBK = 0, 
normal loopback is in effect. 


Figure 30: Link Integrity Test Function 


Power On 


IDLE TEST 


Start_Link_Loss_Timer 
Start_Link_Test_Min_Timer 


Link_Loss_Timer_Done 
® TP! = Idle 
@ Link_Test_Revd = False 


LINK TEST FAIL RESET 


Link_Count = 0 
XMIT = Disable 
RCVR = Disable 
LPBK = Disable 


TPI = Active Link_Test_Revd = False 
® TPI = Idle 


TPI = Active 


TPI = Active + 
(Link_Test_Revd = True 
® Link_Test_Min_Timer_Done) 


AUI loopback is also controlled by the LBK pin. When the 
AUI port is selected and LBK = 1, data transmitted by the 
back-end is internally looped back from the TXD pin 
through the Manchester encoder/decoder to the RXD pin. 
When LBK = 0, no AUI loopback occurs. 


Link Integrity Test 


Figure 30 is a state diagram of the LXT907 Link Integrity . 
test function. The link integrity test is used to determine the 
status of the receive side twisted-pair cable. Link integrity 
testing is enabled when pin 8 (LI) is tied high. When 
enabled, the receiver recognizes link integrity pulses which 
are transmitted in the absence of receive traffic. If no serial 


LINK TEST FAIL WAIT 


XMIT = Disable 

RCVR = Disable 

LPBK = Disable 
Link_Count = Link_Count + 1 


Link_Test_Revd = Idle 
© TPI = Idle 


| LINK TEST FAIL 


Start_Link_Test_Min_Timer 
Start_Link_Test_Max_Timer 
XMIT = Disable 
RCVR = Disable 


; LPBK = Disable 
TPI = Active 


+ Link_Count = LC_Max 


LINK TEST FAIL EXTEND 


XMIT = Disable 
RCVR = Disable 
LPBK = Disable 


ink_Test_Min_Timer_Done 
'Link_Test_Revd = True 


(TPI = Idle® Link_Test_Max_Timer_Done) 
(Link_Test_Min_Timer_Not_Done 
® Link_Test_Revd = True) 





TPI = Idle® 
DO = Idle 
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data stream or link integrity pulses are detected within 50 - 
150 ms, the chip enters a link fail state and disables the 
transmit and normal loopback functions. The LXT907 
ignores any link integrity pulse with interval less than 2 - 7 
ms. The LXT907 will remain in the link fail state until it 
detects either a serial data packet or two or more link 
integrity pulses. 


Remote Signaling 


The LXT907 transmits standard link pulses which meet the 
10BaseT specification. However, the LXT907 encodes 
additional status information into the link pulse by varying 
the link pulse timing. This is referred to as remote signaling. 
Using alternate pulse intervals, the LXT907 can signal three 
local conditions: link down, jabber, and remote signaling 
compatibility. Figure 31 shows the interval variations used 
to signal local status to the other end of the line. The LXT907 
also recognizes these alternate pulse intervals when received 
from aremote unit. Remote status conditions are reported to 
the controller over the RLD, RJAB and RCMPT output pins. 


Applications 
Figures 32 through 38 show typical LXT907 applications. 


Auto Port Select with External Loopback 
Control (Figure 32) 

Figure 32 is a typical LXT907 application. The diagram is 
arranged to group similar pins together; it does not represent 
the actual LXT907 pinout. The controller interface pins 
(transmit data, clock and enable; receive data and clock; and 
the collision detect, carrier detect and loopback control pins) 
are shown at the top left. 


Programmable option pins are grouped center left. The 

PAUI pin is tied to ground and all other option pins are tied 

high. This setup selects the following options: 

¢ Automatic Port Selection (PAUI = 0 and AUTOSEL = 1) 

¢ Normal Receive Threshold (NTH = 1) 

° Mode 4 (compatible with National NS8390 controllers) 
(MDO = 1, MD1 = 1) 

¢ SQE Disabled (DSQE = 1) 

¢ Link Testing Enabled (LI = 1) 


Status outputs are grouped at lower left. Local status outputs 
drive LED indicators and remote status indicators are avail- 
able as required. 


Power and ground pins are shown at the bottom of the 
diagram. A single power supply is used for both VCC1 and 
VCC2 with a decoupling capacitor installed ee the 
power and ground buses. 


Figure 31: Remote Signaling Link Integrity Pulse Timing 


LI - 
RLD 
(Note 1) 


15ms 10ms 
LI - 


RJAB 
(Note 2) 


10 ms 20 ms 10 ms 20 ms 


LI - 


Notes: 


10ms, 15 ms 


10ms 


(Note 3) 


10ms, 15ms 


~~ 15ms 10ms 


20ms 10 ms 20 ms 10 ms 


. For Remote Link Down (RLD) signaling, the interval between LI pulses increments from 10 ms to 15 


ms to 20 ms, and then the cycle starts over. 


. For Remote Jabber (RJAB) signaling, the interval between u pulses decrements from 20 ms to 15 


ms to 10 ms, and then the cycle starts over. 


. For Remote Compatibility OME!) Signaling, the interval pelwecr LI pulses continually switches 


between 10 ms and 20 ms. 
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The TP and AUI interfaces are shown at upper and lower ~ UTP are installed in each I/O pair but no external filters are 
right, respectively. Impedance matching resistors for 1002 — required. Suitable transformers are listed in notes 2 and 3. 


Figure 32: LAN Adapter Board Application - Auto Port Select with External LPBK Control 
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Suitable crystals include the MTRON MP-1 and MP-2. 


Suitable TP transformers include the Fil-Mag 232128, and SM23Z128; Valor PT4069 and ST7011; Pulse 
Engineering PE65994 and PE65745; Belfuse S553-0716 and A553-0716; and Halo Engineering TD42-2006Q 
and TG42-2006W1. . 


Suitable AU! transformers include the Fil-Mag 23Z90 and SM23Z90; Valor LT6032 and ST7032; Halo 
TG01-0756K and TGO1-1006K; and Pulse Engineering PE64502 and PE65723. 


>P PD 


Bias resistor RBIAS should be located close to the pin and isolated from other signals. 
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Full Duplex Support (Figure 33) 


Figure 33 shows the LXT907 with a Texas Instruments 
380C24 CommProcessor. The 380C24 is compatible with 
Mode 4 (MD0 and MD1 both high). When used with the 


Figure 33: Full-Duplex Application - Auto Port Select with External LPBK Control 
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380C24 or other full duplex-capable controller, the LXT907 
supports full-duplex Ethernet, effectively doubling the 


LXT907 AUI port is not used. 


LXT907 


TXD 
TEN 
TCLK 
RCLK 
RXD 
CD 


COL 


LBK 
LEDC 


16 


AUTOSEL 


LEDT/PDN 
LEDL 
VCC1 RBIAS 


VCC2 GND1 GND2 


Half/Full Duplex Selection controlled by TMS380C24 pins TESTO and OUTSELO. 


Suitable TP transformers include the Fil-Mag 232128, and SM23Z128; Valor PT4069 and ST7011; 


Pulse Engineering PE65994 and PE65745; Belfuse S553-0716 and A553-0716; and Halo 
Electronics TD42-2006Q and TD42-2006W1. 


Bias resistor RBIAS should be located close to the pin and isolated from other signals. 


Suitable crystals include the MTRON MP-1 and MP-2. 


The TMS380C26 may be substituted for dual network support of 10Base T and Token Ring. 
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To 10 BASE-T 
TWISTED-PAIR NETWORK 


available bandwidth of the network. In this application the 
SQE function is enabled (DSQE tied to ground), and the 
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Dual Network Support - 10Base T and Token — Mode 4 (MD0 and MD! both high). When used with the 
Ring (Figure 34) | | | 380C26, both the LXT907 and a'TM380054 Token Ring 


transceiver can be tied to a single RJ45 connector. The SQE 


Figure 34 shows the LXT907 with a Texas Instruments _ function is enabled (DSQE tied to ground), and the LXT907 
380C26 CommProcessor. The 380C26 is compatible with  AUI port is not used. | 
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Figure 34: LXT907/380C26 Interface for Dual Network Support of 10Base T and Token Ring 
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Suitable crystals include the MTRON MP-1 and MP-2. 


Suitable TP transformers include the Fil-Mag 232128, and SM23Z128; Valor PT4069 and ST7011; 
Pulse Engineering PE65994 and PE65745; Belfuse $553-0716 and A553-0716; and Halo 
Electronics TD42-2006Q and TD42-2006W1. 


Bias resistor RBIAS should be located close to the pin and isolated from other signals. 


mN 
VN 
A 
os 


Additional magnetics and switching logic (not shown) is required to implement the dual network solution. 
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LXT1T907 Ethernet Interface for Hub, Switch & Adapter Applications 


Manual Port Select with Link Test Function 
(Figures 35 and 36) 


With MD0 low and MD1 tied high, the LXT907 logic and 
framing are set to Mode 3 (compatible with Fujitsu 


MB86950 and MB86960, and Seeq 8005 controllers). Fig- 
ure 35 shows the setup for Fujitsu controllers. Figure 36 
shows the four inverters required to interface with the Seeq 
8005 controller. Both these Mode 3 applications show the LI 
pin tied high, enabling Link Testing; and the NTH and 


Figure 35: LAN Adapter Board Application - Manual Port Select with Link Test Function 
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Suitable crystals include the MTRON MP-1 and MP-2. 
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Gnd 


Suitable TP transformers include the Fil-Mag 232128, and SM23Z128; Valor PT4069 and ST7011; Pulse 
Engineering PE65994 and PE65745; Belfuse S553-0716 and A553-0716; and Halo Engineering TD42-2006Q 


. and TG42-2006W1. 


Suitable AUI transformers include the Fil-Mag 23Z90 and SM23Z90; Valor LT6032 and ST7032; Halo 
TG01-0756K and TG01-1006K; and Pulse Engineering PE64502 and PE65723. 


Bias resistor RBIAS should be located close to the pin and isolated from other signals. 
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| DSQE pins are both tied high, selecting the standard receiver _ selection through the PAUI pin. The remote status outputs 
threshold and disabling the SQE function. However, inthese are inverted t to drive LED indicators. 
applications AUTOSEL is tied low, allowing external port , 


Figure 36: Manual Port Select with Seeq 8005 Controller 
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Suitable TP transformers include the Fil-Mag 232128, and SM23Z128; Valor PT4069 and ST7011; 
-. Pulse Engineering PE65994 and PE65745; Belfuse S553-0716 and A553-0716; and HALO 
_ TD42-2006Q and TG42-2006W1. 


Suitable AUI transformers include the Fil-Mag 23Z90 and SM23Z90; Valor LT6032 and ST7032; 
Halo TGO1-0756K and TG01-1006K; and Pulse Engineering PE64502 and PESSI28- 


LX Bias resistor RBIAS should be located close to the pin and isolated from other signals. — 
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Belfuse $553-0716 and A553-0716; and Halo Electronics TD42-2006Q 
and TG42-2006W 1. 


LX» Bias resistor RBIAS should be located close to the pin 
and isolated from other signals. 
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Suitable AU! transformers include the FilMag 23290, and SM23Z90; 

Valor LT6032 and ST7032; Halo TGO1-756K and TGO1-1006K; and 

Pulse Engineering PE64502 and PE65723. 
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LX1T907 Ethernet Interface for Hub, Switch & Adapter Applications 


AUI Encoder/Decoder Only 
(Figure 38) 


In this application the DTE is connected to a coaxial network 
through the AUI. AUTOSEL is tied low and PAUL is tied 
high, manually selecting the AUI port. The twisted-pair port 


is not used. With MD1 and MDO bothlow, the LXT907 logic 
and framing are set to Mode 1 (compatible with AMD 
AM7990 controllers). The LI pin is tied low, disabling the 
link test function. The DSQE pin is also low, enabling the 
SQE function. The LBK input controls loopback. A20 MHz 
system clock is supplied at CLKI with CLKO left open. 


Figure 38: AUI Encoder/Decoder Only Application 
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Suitable AUI transformers : 

include the FilMag 23z90 | Chassis +12V 
and SM23Z90; Valor Gnd 

LT6032 and SM6032; Halo 

TG01-0756K and 

TG01-1006K; and Pulse 

Engineering PE64502 and 

PE65723. 


12.4 kQ 
Bias resistor 
RBIAS should 
be located 
close to the pin 
and isolated 
from other 
signals. 
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Flexible Quad Hub Repeater 


LX1T914 Fiexible Quad Hub Repeater 


Preliminary Information 
February, 1994 





The LXT914 is an integrated multi-port repeater 
designed for mixed-media networks. It provides 
all the active circuitry required for the repeater 
function in a single CMOS device. It includes one 
Attachment Unit Interface (AUI) port and four 
10Base-T transceivers. The AUI port allows con- 
nection of an external transceiver (10Base-2, 
10Base-5, 10Base-T or FOIRL) or a drop cable. 
~The 10Base-T transceivers are entirely self-con- 
tained and require no external filters. 


An inter-repeater backplane interface allows 128 
or more 10Base-T ports to be cascaded together. 
In addition, a serial port provides information for 
network management. 


The LXT914 is fabricated with an advanced 
CMOS process and requires only a single 5-volt 
power supply. 


¢ Four integrated 10Base-T transceivers and one 
AUI transceiver on a single chip 


¢ Automatic polarity detection and correction 
e On-chip transmit and receive filters 
e Automatic partitioning of faulty stations 


e Programmable squelch level allows extended 
range in low-noise environments 


e Synchronous or asynchronous inter-repeater 
backplane supports "hot swapping" 


e Inter-repeater backplane allows cascaded 
repeaters, linking 128 or more 10Base-T ports 


¢ Serial port for selecting programmable options 


e Seven integrated LED drivers 


e Packaged in 68-pin PLCC 
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BCLKIO TPDIP4 
SYSCLK TPDIN4 
AISYNC GND9 
LOC/EXT TPDON1 
CS/SENI TPDOP1 
SENO VCC6 
SDI TPDOP2 
RTS/SDO 7 TPDON2 
— LxT914 
- RESET TPDOP3 
SECTP1 vccs 
SECTP2 TPDOP4 
SECTP3 TPDON4 
SECTP4 GND7 
FPS/SECAUI AUICIN 
VCC4 AUICIP 














These pins each require a+5 VDC power supply input. The various inputs 
may be supplied from a single power source, but special de-coupling 
requirements may apply. Each VCC input must be within + 0.3 V of every 
other VCC input. 





















Ground 1 
Ground 2 
Ground 3 
Ground 4 
Ground 5 
Ground 6 — 
Ground 7 
Ground 8 


These pins provide ground return paths for the various power supply inputs. 








This pin provides bias current for the internal circuitry. The 100 WA bias 
current is provided through an external 12.4 kQ resistor to ground. 





Ground 9 
This 10 MHz clock is used to synchronize multiple repeaters on acommon 
backplane. In the synchronous mode, BCLKIO must be supplied to all 
repeaters from a common external source. In the asynchronous mode, 
BCLKIO is supplied only when arepeater is outputing data to the bus. Each 
repeater outputs its internally recovered clock when it takes control of the 
bus. Other repeaters on the backplane then sync to BCLKIO for the 


10 BCLKIO | I/O} Backplane 
duration of the transmission. 
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| Te LEVEL 
ONE @ 





3-90 


LX1T914 Flexible Quad Hub Repeater 


Table 2: Inter-Repeater Backplane Pin Descriptions 


Pine] Symbol [vO] Name | ———“Desaripfon 


4 IRENA | I/O | Inter-Repeater | This pin allows individual LXT914 repeaters to take control of the Inter- 
Backplane Repeater Backplane (IRB) data bus (IRDAT). 
Enable The IRENA bus must be locally pulled up by a 330 Q resistor. 


S IRDAT | I/O IRB Data This pin is used to pass data between multiple repeaters on the IRB. The 
IRDAT bus must be locally pulled up by a 330 Q resistor. 


IRB Driver The IRDEN pin is used to enable external bus drivers which may be 


Enable required in synchronous systems with large backplanes. This is an active 
low signal which is maintained for the duration of the data transmission. In 
a multiple repeater configuration, all JIRDEN pins may be tied together 
(wire "OR“ ed) to drive the direction input of bi-directional external bus 
transceivers. This wired OR bus must be locally pulled up by a 330 Q 
resistor. 





IRB Collision | These two pins are used for collision signaling between multiple LXT914 
Flag Sense devices on the Inter-Repeater Backplane (IRB). Both the IRCFS bus and 
_ the IRCOL bus must be pulled-up globally with 330 Q resistors. 
IRB Collision | (IRCFS requires a precision resistor (+ 1 %).) 





1 The IRENA, IRDAT and IRDEN buses are pulled up locally (ie., one pull-up resistor per board. If there are three 914s per 
board, all three 914s share a single pull-up resistor on each board.) 

2 The lRCFS and IRCOL buses are pulled up globally (ie., one pull-up resistor for all boards. If there are eight boards in the 
system, all eight boards share a single pull-up resistor. The global pull-up may be located on one of the boards, or on the 
backplane.) 








Table 3: Mode Select Pin Descriptions 


Pine] symbot [v0] None [teenies 


12 A/SYNC Backplane This pin selects the backplane synch mode. When this pin is left floating 
Synch Mode | an internal pull-up defaults to the Asynchronous mode (A/SYNC high). 

Select In the asynchronous mode 12 or more LXT914s can be connected on the 

backplane, and an external 10 MHz backplane clock source is not required. 

When the synchronous mode is selected (A/SYNC tied low), 32 or more 

LXT914s can be connected to the backplane and an external 10 MHz 


backplane clock source is required. 





13. | LOC/EXT Management | This pin selects the management mode. When this pin is left floating, _ 
Mode Select | an internal pull-up defaults to the Local management mode (LOC/EXT 
high). In the Local mode, setup parameters are downloaded from an 
EEPROM during initialization. Once initialized with the setup parameters, 
the repeater functions independently. —— 
When the External management mode is selected (LOC/EXT tied low), an 
external management device (EMD) provides setup parameters during 
initialization. The EMD maintains serial communication with the repeater 
during operation and can change the setup parameters at any time. 


(Cc ONE : | | 3-91 


LXT914 Flexible Quad Hub Repeater 


Table 4: Serial Port Pin Descriptions - External Management Mode. 


Description 


Serial Enable | This active low input is used to access the LXT914 serial interface. 
To write to the serial input (SDI), the External Management Device 
(EMD) must drive this pin from high to low. The input must be asserted — 
low concurrent with the appearance of data on SDI and remain low for 
the duration of the serial input transaction. 


Serial Enable | This active low output is used to access the serial interface of the EMD. 
Output When the LXT914 sends a data stream to the EMD through the serial 
port (SDO), this output transitions from high to low and remains low for 
the duration of the serial transmission. 


Serial Data This pin is the input for the serial interface with the EMD. Setup and 


Input operating parameters are supplied to the LXT914 in a serial data stream 
from the EMD through this port. 


17 Serial Data After every packet transmission or interrupt event, the LXT914 reports 
Output status information to the EMD in a serial data stream through this port. 


18 SCLK Serial Clock {| This 10 MHz clock synchronizes the serial interface between the 
LXT914 and the EMD. Both devices must be supplied from the same 
clock source. In synchronous mode, SCLK and BCLK may be tied 

| | together. 


Table 5: Serial Port Pin Descriptions - Local Management Mode 





Description 


The LXT914 is designed for use with an EEPROM or similar device 
which may be used to store setup parameters and serially download 
them to the LXT914 during initialization. In a single-device applica- 
tion or in the first device of a daisy chain application, this pin is an 
active high Chip Select output used to enable the EEPROM. 


Serial Enable | In subsequent devices of a daisy-chain configuration, a high-to-low 
transition on this pin enables the serial input port (SDI). The input must 
be asserted concurrent with the appearance of data on SDI and remain 
low for the duration of the serial input transaction. 


Serial Enable | During initialization, the LXT914 accepts 48 bits of setup data through 
Output the SDI port. After the 48th bit, the LXT914 asserts this pin low. When 
multiple LXT914 devices are connected in a daisy-chain, this output is 
tied to the SENI input of the next device in the chain. Thus each device 
in the chain is serially enabled by the previous device until all the 
devices have read in their 48 bits of setup data. 


Setup Data ee This pin is the serial input port for the setup parameters (48 bits). 
; This pin should be tied low if no EEPROM is present. 


Request To Send | Ina single device application or in the first device of a daisy chain 
application, this pin outputs a 9-bit, active high sequence. This pin must 
be tied to the EEPROM DI input to trigger the EEPROM to download — 
its stored data. In subsequent devices this pin is not used. 


18 | SCLKIO ; I/O} Serial Clock | A 1 MHz clock provided by the first LXT914 in the chain to all subse- 
| | quent repeaters and the EEPROM. In the Local mode all repeaters have 
their SCLKIO pins tied together. | 
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Table 6: Miscellaneous Control Pin Descriptions 
es 
Select enables the Factory Test mode. 


Security Mode | These pins enable the security mode for the respective twisted-pair ports 

Select (TP1 through TP4). When pulled high, the LXT914 JAMs the affected 
(TP Ports 1 - 4) | port. The SEC pins must be tied low if external security control is not 
required. 





































SECAUI 
(External) 


Security Mode 
Select 
(AUI Port) 


In the External mode this pin enables the security mode for the AUI 
port. When pulled high, the LXT914 JAMs the AUI port. 
The security feature is available only in External management mode. 


First Position 
Select 


In the Local mode this pin identifies the first device in a daisy chain 

configuration. When tied high (First position), the LXT914 controls the 
local EEPROM by providing clock and handshaking. When tied low (Not 
First), the LXT914 will accept CLK and data in its turn from previous 
LXT914s in the data chain. 










Collision & This tri-state LED driver pin reports collisions and FIFO errors. It 

FIFO Error pulses low to report collisions, and pulses high to report FIFO errors. 

LED Driver | When this pin is connected to the anode of one LED and to the cathode of 
a second LED, the LXT914 will simultaneously monitor and report both 
conditions independently. 


Jabber/MJLP & | This tri-state LED driver pin reports jabber and code violations. It 
Manchester | pulses low to report MAU Jabber Lockup Protection (MJLP), and pulses 
Code Violation | high to report manchester code violations. When this pin is connected 
LED Driver | tothe anode of one LED and to the cathode of a second LED, the LXT914 
will simultaneously monitor and report both conditions independently. 


TP Port These tri-state LED drivers use an alternating pulsed output to report 
LED Drivers | TP port status. Each pin should be tied to a pair of LEDs (to the anode of 
one LED and the cathode of a second LED). When connected this way, 
each pin reports five separate conditions (receive, transmit, link integrity, 
reverse polarity and auto partition). 


LEDAUI AUI Port This tri-state LED driver uses an alternating pulsed output to report 
LED Driver {| AUI port status. This pin should be tied to a pair of LEDs (to the anode 
of one LED and the cathode of asecond LED). When connected this way, 
this pin reports five separate conditions (receive, transmit, receive jabber, 
receive collision and auto partition). 
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4 AUIDOP AUI Data Out | These pins are 
41 | AUIDON Pos& Neg | 
AUIDIP AUI DataIn | These pins are iti i i 
43 | AUIDIN Pos & Neg | a 


AUI Collision | These pins are the positive and negative Collision inputs for the AUI 
Pos & Neg Port. 


Line Driver These pins are the positive and negative outputs from the line drivers 
Outputs for the respective twisted-pair ports. 
for 
Twisted-Pair 
Ports 


OO00000 


Twisted-Pair | These pins are the positive and negative data inputs to the respective 
Data Inputs twisted-pair ports. 
Positive 


Negative 


cs A oe ce oe oe ee coe oe 
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Table 10: W/O Electrical Characteristics (Ta = 0 to 70 °C, V.,,. = 5V +5%) 


Output rise / fall time 


' Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
? Limited functional test patterns are performed at these input levels. The majority of functional tests are performed at levels of 0.4 V 
and 2.4V. 


Output high voltage 





Table 11: AUI Electrical Characteristics (Ta = 0 to 70 °C, V,, = 5V +5%) 
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OD 
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Test Conditions 
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Between CIP/CIN 
& DIP/DIN 


Differential squelch threshold | | Vos 


' Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
* Parameter is guaranteed by design; not subject to production testing. 






Table 12: TP Electrical Characteristics (Ta = 0 to 70 °C, V,, = 5V +5%) 


Transmit output impedance ” 










a3 


¥ v 
3 
: 


OD 

Transmit timing jitter addition ” 0 line length 
Transmit timing jitter added by After line model specified by 
the MAU and PLS sections *? IEEE 802.3 for 10Base-T 

Receive input impedance ” Zax kQ | Between TPIP/TPIN 

Differential squelch threshold V 5c 30 | mV_ | 5 MHz square wave input , 

_} (Normal threshold : NTH = 1) . 

Differential squelch threshold Vig: 180 250 345 mV | 5 MHz square wave input 
(Reduced threshold : NTH = 0) | 7 | 


' Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. _ 
Parameter is guaranteed by design; not subject to production testing. eae 
> TEBE 802.3 specifies maximum jitter additions at 1.5 ns for the AUI cable, 0.5 ns from the encoder, and 3.5 ns from the MAU. 


[Eons er. 


Test Conditions 
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Table 13: IRB Electrical Characteristics (Ta = 0 to 70°C, V,,. = 5V 5%) | 


[Parameter | Symbot | minimum | Typiear [Maximum | Unie 
a 
Ln 
FS 


' Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 















Table 14: Switching Characteristics (Ta = 0 to 70 °C, V_. = 5V +5%) 


» "CC 


[Parameter _—( Mima] Toit] wc | Une 
a 
a ee ee 










Maximum transmit time : : 
CN 
CL 
Tinctnks ——SSSC~C~iS SSS 
Tinetawestnkinogiyriss || me 
ineralforvaliieoivebinkinesiy ies AT =| 9 | me 


Table 15: Serial Port Timing (External Mode) | 


: ee = 








SCLKIO low to SDOUT data valid 


Table 16: Inter-Repeater Bus Timing 


mee 
Fo 
aE 
= 
ae 
a 





















IE DW 
\©O 
Mi NM 


IRENA high (inactive) to TP outputs inactive 
IRENA high (inactive) to AUI output inactive 


End of Frame clock to IRENA high (inactive) tIRB 
IRENA high (inactive) to IRDEN high (inactive) tIRB 
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Figure 2: Serial Port Timing 
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Figure 3: Inter-Repeater Bus Timing 
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General Description 


The LXT914 is an integrated hub repeater for 10Base-T 
networks. The hub repeater is the central point for informa- 
tion transfer across the network. The LXT914 offers mul- 


tiple operating modes to suit a broad range of applications 


ranging from simple 4-port stand-alone hubs, to intelligent 
128-port enterprise systems with microprocessor/gate array 
management. 


The LXT914 includes four 10Base-T ports which are essen- 
tially self-contained transceivers. The LXT914 also in- 
cludes an Attachment Unit Interface (AUI) port, a serial port 
and an Inter-Repeater Backplane (IRB) port. The AUI port 
allows the 10Base-T network to interface with other net- 
works (10Base-2, 10Base-5 or FOIRL). The serial port 
allows an external device such as an EEPROM to download 
setup parameters to the repeater. In more complex designs 


the serial port can also be used to monitor repeater status. . 


The IRB port enables multiple LXT914s to function as a 
single repeater. 


10Base-T Ports 

The four 10Base-T transceiver ports are completely self- 
contained. Since the transmitters and receivers include the 
required filtering, only simple, inexpensive transformers are 
required to complete the 10Base-T interface. Each indi- 
vidual Twisted-Pair (TP) portis implemented in accordance 
with the IEEE 802.3 10Base-T standard. 


AUI Port 

The AUI port is fully compliant with IEEE requirements. It 
allows connection of a drop cable or an external transceiver 
(10Base-2, 10Base-5, 10Base-T, or FOIRL). The AUI port 
supports both capacitive coupling and transformer coupling. 
The AUI transmitter is a current driver which requires a 78Q 
termination load. 


Serial Port 
The serial port provides the management interface to the 
LXT914. Refer to Table 15 and Figure 2 for serial port 


timing. The serial port can be either uni-directional or bi- | 
directional, depending on the management mode selected. 


In the Local management mode the serial port is uni- 
directional (input only), and is used only to download setup 
parameters during initialization. The Local mode is in- 
tended for use with a simple EEPROM, but the serial port 
may be tied low if an EEPROM is not required. 


In the External management mode, the serial port is bi- 
directional (input for setup parameters, output for status 
reports). The External mode is intended for use with an 
External Management Device (EMD) and a Media Access 
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Controller (MAC). The EMD (typically a gate array) 
communicates with a microprocessor (eg. Intel 8051) and 
can control up to three LXT914 repeaters. This simplifies 
design of a relatively standard 12-port repeater on a single 
printed circuit board. 


inter-Repeater Backplane 
The Inter-Repeater Backplane (IRB) allowsseveral LXT914s 
to function as asingle repeater. Refer to Table 16 and Figure 


3 for IRB timing. The IRB also allows several multi- 


repeater boards to be integrated in a standard rack and to 
function as a single unit. The IRB supports "hot swapping” 
for easy maintenance and troubleshooting. Each individual 
repeater distributes recovered and retimed data to other 


' repeaters on the IRB for broadcast on all ports simulta- 


neously. This simultaneous re-broadcast allows the multi- 
repeater system to act as a single large repeater unit. The 
maximum number of repeaters on the IRB is limited by bus 
loading factors such as parasitic capacitance. 


The IRB can be operated synchronously or asynchronously. 
In the synchronous mode, a common external source pro- 
vides the 10 MHz backplane clock (BCLKIO) and the 20 
MHz system clock (SYSCLK) to all repeaters. (BCLKIO | 
must be synchronous to SYSCLK and may be derived from 
SYSCLK using adivide-by-two circuit.) Inthe synchronous 
mode 32 or more LXT9 14 repeaters may be connected on the 
IRB, providing 128 10Base-T ports and 32 AUI ports. 


In the asynchronous mode an external BCLKIO source is not 
required. The repeaters run independently until one takes 
control of the IRB. The transmitting repeater then outputs its 
own 10 MHz clock onto the BCLKIO line. All other 
repeaters sync to that clock for the duration of the transmis- 
sion. In the asynchronous mode 12 or more LXT914 devices 
may be connected to the IRB, providing 48 10Base-T ports 
and 12 AUI ports. 


Se 


NOTE 
The maximum number of repeaters which may be linked 
on the backplane is limited by board design factors. 


These numbers listed above are engineering estimates 
only and may be increased if stronger drivers and careful 
board layout is used to reduce capacitive loading. 





Repeater Circuitry 

The basic repeater circuitry is shared among all the ports 
within the LXT914. It consists of a global repeater state 
machine, several timers and counters and the timing recov- 
ery circuit. The timing recovery circuit includes a FIFO for 


-_retiming and recovery of the clock which is used to clock the 


receive data out onto the IRB. 


LEVEL 
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The shared functional blocks of the LXT914 are controlled —_ and all associated notations used are in strict accordance 
by the global state machine shown in Figure4. This diagram — with section 9.6 of the IEEE 802.3 standard. 


Figure 4: Global State Machine 
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The LXT914 also implements the Partition State Diagram as 
defined by the IEEE 802.3 standard and shown in Figure 5. 
The value of CCLimit as implemented in the LXT 914 is 64. 
The CCLimit value sets the number of consecutive colli- 


Figure 5: Partitioning State Diagram 
Begin 
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sions that must occur before the port is subjected to auto- 
matic partitioning. Auto-partition/reconnection is also sup- 
ported by the LXT914 with Tw5 conforming to the standard 
requirement of 450 to 560 bit times. 















Datain(X) = DiPresent(X) 
Collin(X) = CiPresent(X) 


DiPresent(X) = 
Il * ClPresent(X) = SQE 
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Datain(X) = DiPresent(X) 
Collin(X) = CiPresent(X) 
cc(y > StartTw6 
CCLimit + (Tw6Done *| |DIPresent(X) = 


CiPresent(X) = SQE) | {Il * ClPresent(X) = SQE * 
CC(X) < CCLimit *TweDone 







DIPresent(X) = Il * CiPresent(X) = SQE 
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Functional Description 


The main functions of the LXT914 hub repeater are data 
recovery and re-transmission, and collision propagation. 
Data packets received at the AUI or 10Base-T ports are 
detected and recovered by the port receivers before being 
passed to the repeater core circuitry for retiming and re- 
transmission. Data packets received through the IRB port 
are essentially passed directly to the core for re-transmis- 
sion. After recovery of a valid data packet, the repeater 
broadcasts it to all enabled stations, except the originator 
station. | 


Initialization 


‘The following description applies to the initial power-on 
reset and to any subsequent hardware reset. When a reset 
occurs, the device senses the levels at the various control 
pins to determine the correct operating mode. 


Local Management Mode Initialization 

An internal pull-up causes the LXT914 to default to the 
Local management mode unless pin 13 (LOC/EXT) is tied 
low. In the Local mode the serial port is a uni-directional 
interface used only to download setup parameters from an 
external device. 


In a Locally managed multiple-repeater (“daisy chain’) 
configuration, the first repeater in the chain performs special 
functions. First Position Select (FPS) pin 25 is used to 
establish position (FPS high = First, FPS low = Not First). 
After establishing the Hardware mode, each LXT914 moni- 
tors FPS pin 25 to determine its position. 


If FPS = 1 (First Position), the repeater performs the follow- 
ing functions: | 
1. Outputs a 1 MHz Serial Clock (SCLK) on pin 18. 
SCLK is derived from the 20 MHz SYSCLK input in 
the ASYNC mode, and from BCLKIO in SYNC 
mode, and is supplied to the SCLK inputs of all other 
repeaters on the bus and to the EEPROM. 
2. Asserts Chip Select (CS) high on pin 14 to enable the 
EEPROM. | 
3. Outputs aserial 9-bit request-to-send (RTS) strobe.on 
pin 17. ( The programmable device responds to the 


RTS strobe with a serial data stream containing the 


setup parameters for all repeaters in the chain.) 

4. Clocks the first 48 serial data input (SDD bits from the 
EEPROM on pin 16 into its setup register. Refer to 
Tables 17 and 18 for Setup Register bit assignments. 

5. Asserts Serial Enable Output (GENO) low on pin 15 
to enable the next repeater in line. 


(aN 





The second repeater has FPS tied low and Serial Enable 
Input (SENI) connected to the Serial Enable Output (GENO) 
of the first repeater. When enabled by a low on SENI, each 
repeater downloads its portion of the stream, then stops 
accepting data and asserts SENO low. The SENO pin is 
linked to the SENI input of the next repeater. This enables 
the next repeater to clock in its 48-bit word and so on. 














If FPS = 0 (Not First Position), the repeater performs the 
following functions: | 
1. SYNCs tothe 1 MHz Serial Clock (SCLK) on pin 18. 
SCLK is supplied by the First Position repeater. 
2. Responds to SENI low on pin 14 by enabling the SDI 
| port. 
3. Clocks 48 bits from the EEPROM into its setup 
register through the SDI port on pin 16. 
4. Asserts SENO low on pin 15 to enable the next 
repeater in line. 








External Management Mode Initialization 

The LXT914 operates in the External management. mode 
when pin 13 (LOC/EXT) is tied low. In the External mode, 
the serial port is a bi-directional interface between the 
LXT914 and an external management device (EMD). The 
serial port is used to download initial setup parameters to the 
repeater and to monitor status reports from the repeater. The 
LXT914 setup parameters can be changed at any time by the 
EMD. The initialization process for each repeater in a 
managed mode configuration is the same, regardless of its 
position; each repeater is connected directly to the EMD. 
Each LXT914 initializes as follows: 

1. Syncs to the 10 MHz Serial Clock (SCLK) on pin 18. 
SCLK must be supplied from an external source. 

2. Responds to SEN! low on pin 14 by enabling the SDI 
port. | 

3. Clocks 48 bits from the EMD into its setup register 
through the SDI port on pin 16. 

4. Onceinitialized, the LXT914 reports its status in a48- 
bit serial stream after every packet transmission or 
interrupt event. Refer to Tables 19 and 20 for packet 
status register bit assignments. 
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Table 17: Setup Register Bit Assignments | e. 4 

[ew [oes [osu [our | osare [nears [sere [oan [veer | 
= = 
ane [res | res [mes [neo | nes | res | mes |r 













Table 18: Setup Register Bit Definitions — 


DEFINITION 


‘| DPRC(X) Disable Polarity Reverse detection and Correction on Port X (Twisted-pair ports only) 


ISTX(X) | Disable Transmit on Port X 
I 









Disable Auto-Partitioning on Port X 


Disable Link Integrity on Port X (Twisted-pair ports only) 






B 
D 
DISRX(X) Disable Receive on Port Xx | 

ERSQ(X) Enable Reduced Squelch on Port X (Twisted-pair ports only) 


| Enable Receive JAB (Long Packet) (Global) _ | 
DMCV _| Disable entering Tx Collision state on reception of Manchester Code Violation 


)DSQE | Disable Signal Quality Error to provide heartbeat (AUI port only) 





Disable End-of-Frame checking for polarity correction (Global) 





DFIFOE Disable entering Tx Collision state on FIFO over/underflow condition (Global) | 


Disable MJLP counter (Global) 
RES | Reserved. Must be set to 0. 
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Table 19: Packet Status Register Bit Assignments 
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RXA 
COL3 
PR3 
SP1 
LP4 





ow 
PS) 
aa 
= 








Table 20: Packet Status Register Bit Definitions 
BIT DEFINITION 


Received Packet on Twisted-Pair Port 1-4 or on AUI Port | 
COL(X) Transmit Collision of Twisted-Pair Port 1-4 or on AUI Port 


LLS(X) Link Loss State on Twisted-Pair Port 1-4 or on AUI Port : | 


LCOL(X) Late Collision on Twisted-Pair Port 1-4 or on AUI Port 


’ 


is) 


ts 


MJLP MAU Jabber Lockup Protection 


RXJABC(X) Receive Jabber Lockup Protection 


FIFOER FIFO overflow/underflow , | 


MANCV Manchester Code Violation 
RXCOL Receive Collision on the AUI Port 


RES" Reserved (Not Used) 


(X) means port X, which can be any of the four Twisted-Pair Ports or the AUI-Port 
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10Base-T Port Operation 


10Base-T Reception 


Each LXT914 10Base-T port receiver acquires data packets | 


from its twisted-pair input (DIP/DIN). An internal RC filter 
and an intelligent squelch function discriminate noise from 
link test pulses and valid data streams. No external filters 
are required. The receive function is activated only by 
valid data streams (above the squelch level and with proper 
timing). If the differential signal at the DI circuit inputs falls 
‘below 75% of the threshold level (unsquelched) for 8 bit 
times (typical), the port receiver enters the idle state. 


Programmable Internal Squelch Level 

The 10Base-T port receivers have two squelch levels; a 
normal level and a reduced squelch level (-4.5 dB). When 
used with low noise media such as shielded Twisted-Pair 
cabling, the reduced squelch level allows the loop-length of 
the network to be extended. 


Polarity Detection and Correction 

The LXT914 10Base-T ports detect and correct for reversed 
polarity by monitoring link pulses and end-of-frame se- 
quences. A reversed polarity condition is declared when the 


port receives sixteen or more incorrect link pulses consecu- — 


tively, or four frames with reversed start-of-idle sequence. 
In these cases the receiver reverses the polarity of the signal 
and thereby corrects for this failure condition. If the port 
enters the link fail state and no valid data or link pulses are 

received within 96 to 128 ms, the polarity is reset to the 
default non-flipped condition. (If Link Integrity Testing is 
disabled, polarity detection is based only on received data.) 


10Base-T Transmission | 
Each LXT914 10Base-T port receives NRZ data from the 
repeater core, and passes it through a Manchester encoder. 
The encoded data is then transmitted to the twisted-pair 
network (the DO circuit). The advanced integrated pulse 
shaping and filtering network produces the pre-distorted and 
pre-filtered output signal to meet the 10 Base-T jitter tem- 
plate. An internal continuous resistor-capacitor filter is 
used to remove any high-frequency clocking noise from 
the pulse shaping circuitry. No external filters are 
required. During idle periods, the LXT914 10Base-T ports 
transmit link integrity test pulses in accordance with the 
802.3 10Base-T standard. 


All data packets transmitted by the LXT914 contain a 
minimum of 56 preamble bits before the start of frame 
delimiter (SFD). In the Asynchronous mode, preamble 
regeneration takes place on the transmit side. 
Synchronous mode the preamble is regenerated on the 
receive side and distributed via the IRB. If the total packet 
is less than 96 bits including the preamble, the LXT914 
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In the . 


_ extends the packet length to 96 bits by appending a Jam | 


signal (1010...) at the end. 


10Base-T Link Integrity Testing 

The LXT914 fully supports the 10Base-T Link Integrity test. 
function. The link integrity test is used to determine the 
status of the receive side twisted-pair cable. Link integrity 
testing is enabled unless disabled via the serial channel. 
When enabled, the receiver recognizes link integrity pulses 
which are transmitted in the absence of datatraffic. If no data 
packets or link integrity pulses are detected within 100 (+50) 
ms, the port enters a link fail state and disables its transmit 
function. The port will remain in the link fail state until it 
detects three or more data packets or link integrity pulses. 


-AUI Port Operation 


AUI Reception 

The LXT914 AUI port receiver acquires data packets from 
the network (DIP/DIN). The receive function is activated 
only by valid data streams above the squelch level. If the 
differential signal at the DI circuit inputs falls below 75% of 
the threshold level (unsquelched) for 8 bit times (typical), 
the AUI receiver enters the idle state. 


AUI Transmission 

The LXT914 AUI port receives NRZ data from the repeater 
core, and passes it through a Manchester encoder. The | 
encoded data is then transferred to the network (DOP/DON). 


Collision Handling 


A collision occurs when two or more repeater ports receive 


simultaneously, or when the AUI CIP/CIN signal is active. 
The LXT914 fully complies with the IEEE 802.3 collision 
specifications, both in individual and multi-repeater appli- 
cations. In multiple-repeater configurations, collision sig- 
naling on the IRB allows all repeaters to share collision 

parameters, acting as a single large repeater. | 


IRCOL is a digital open-drain pin. IRCFS is an analog/ 
digital port. The IRCOL and IRCFS lines are pulled up 
globally (ie., each signal requires one pull-up resistor for all 
boards). If there are eight 3-repeater boards in the system, all 
eight boards share a single pull-up resistor for IRCOL and a. 
single pull-up resistor for IRCFS. The global pull-up may 
be located on one of the boards, or on the backplane. The 
IRCFS line requires a precision (+ 1 %) resistor. 

















The IRENA, IRDAT and IRDEN lines are each pulled up 
locally (one pull-up resistor per board) if external bus drivers 
are used. If no bus drivers are used then only one global pull- | 


up per signal is used.. 
LEVEL 
(exe: 


Security Mode 


The LXT914 security mode is fully transparent to the user. 
In the External management mode, the security feature is 
available for all four TP ports and the AUI port. In the Local 
mode, security is available for the TP ports only. (The 
SECAUI input is reassigned as FPS). 


The security inputs are normally held low to disable the 
security feature. Any input can independently be pulled high 
to scramble the respective port for any given length of time. 
For applications which do not require security control, the 
SEC pins must be tied low. 


The security mode pins are real time response inputs. This 
allows the board designer to screen the destination address 
with an application specific device and (on match of the 
destination address) to assert the security input to jam the 
respective port for the given frame. This real time detection 
and jam assertion method provides the flexibility to imple- 
ment customer specific solutions. The destination address 
decoding and security signal assertion functions can be 
integrated into the external management device. 


LED Display 


The LED display interface consists of seven integrated LED 
drivers, one for each of the five network ports and two for 
common functions. Each pin provides a three-state pulsed 
output (+5V, high Z, and OV) which allows multiple 
conditions to be monitored and reported independently. 
Figure 6 shows the LED Driver output conditions and Table 
21 lists the repeater states associated with each condition. 
For example, using red and green LEDs for the twisted pair 


Table 21: Integrated LED Driver Indications 





~ Reversed Polarity 
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LEDTP 1-4 LEDAUI _ LEDCF LEDJM 


Rx Link Pulse Rx Jabber FIFO Error 


Rx Collision Collision 
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ports as shown in Figure 6, each TP port LED driver provides 
the following indications: 

¢ Steady green when link integrity pulses are received 

e Blinking green when data is transmitted 

¢ Steady red when reverse polarity is detected 

e Blinking red when data is received 

e Alternating red and green when the port is auto- 

partitioned out. 


Applications 


Figure 7 (Sheets 1 through 4) shows a simple 12-port hub 
repeater application with 3 LXT914s. This application also 
provides two additional AUI ports - one D-connector and 
one coaxial port. The application shown uses the 
asynchronous backplane mode so no external backplane 
clock source is required. 


Figure 7, Sheet 1, shows the XL93C46 EEPROM which 
downloads the setup parameters for all the LXT914s at 
initialization. (This EEPROM could be replaced with a 
simple resistor which would select the default conditions of 
all options.) A single 20 MHz crystal provides the SYSCLK 
for all three 914 chips. The LXT914 on Sheet 1 provides the 
AUID-connector as well as four twisted-pair ports. Table 22 
lists transformers tested for use with the LXT914. 


Figure 7, Sheet 2, shows a second 914 with four TP ports and 
a coaxial port. A MD-001 coax transceiver is used to 
implement the port. Sheet 3 shows the third LXT914 with 
its four TP ports and indicator LEDs. The AUI port of the 
third 914 is not used. Sheet 4 of the schematic shows the 
LEDs for the remaining LXT914s, along with the LED 
operation table. 







Manchester 
Code Violation 








MAU Jabber Lockup 





Protection (MJLP) 
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Figure 6: Integrated LED Driver Indications _ 
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Figure 7: 12-Port Application Schematic (Sheet 1 of 4) 
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Figure 7: 12-Port Application Schematic (Sheet 4 of 4) 
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LXT400 | 
All Rate, Extended Range Switched 56 /DDS Transceiver 





The LXT400 is: an integrated line interface circuit for 


Integrated transmitter, receiver and timing recovery on 
Switched 56 (SW 56) and Digital Data Service (DDS), a single CMOS chip 

compatible with any combination of 19 to 26 AWG cable. 
The LXT400 operates at any of 14 preset data rates from 2.4 
kbps to 72.0 kbps, providing appropriate transmit pulse 
shaping, receive signal detection and timing recovery at the 
metallic interface between the carrier and the customer 
installation. The LXT400 diagnostic features including 
loopback, line status and equalizer monitor outputs, while 
conforming to AT&T, ANSI and Bellcore specifications. 


Transparent to framing and coding 


Receive equalizer filters allow data recovery from 
signals with up to 40 dB of attenuation at the Nyquist 
frequency, at line rates below 56 kbps, and up to 49 dB 
at the 56 and 72 kbps line rates 


Single 4.096 MHz crystal or master clock input 


The LXT400 transmit section includes switched capacitor 
filters, continuous reconstruction filters, and a 50% AMI 
encoder. The AMI pulse is synchronized with the transmit 
Clock. 


Digital back-end loopback 


Equalizer output monitor pin 


Line status (loop length, RLOS, etc.) available for 
The LXT400 receive section performs line equalization, customer maintenance purposes 

data extraction and timing recovery. The LXT400 has a 
BER of less than 10° with up to 49 dB of cable attenuation 
at the Nyquist frequency for 56 and 72 kbps, and 40 dB at the 
lower rates. The LXT400 is an advanced CMOS device 


which requires only a single +5V power supply. ¢ Single 5 V only CMOS technology 





Low power consumption (200 mW typical) 


Available in 28-pin DIP 
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Table 1: Data Rate Programming 


LAB Teese ieee ee th ae aie 


EQLOUT 


0 “2.4 kbps 
: ez” 0 : : ; | 3.2 kbps 

4 FP4 0 0 1 0 4.8 kbps 

5 TTIP 0 0 i: 1 6.4 kbps 

6 DGND 0 1 0 0 9.6 kbps 

: DVCC (nl, ae 7G ha 12.8 kbps 

= Hees 0 1 1 0 19.2 kbps 

EP4 0 1 1 1 25.6 kbps 

RESET 1 0 0 0 56.0 kbps 

TCLK 1 0 0 1 72.0 kbps 

TPOS 1 0 1 0 3.5 kbps 

_TNEG 1 0 1 1 7.0 kbps 

| 1 1 0 0 14.0 kbps 

1 1 0 1 28.0 kbps 





Intermediate .{ Reference voltage used for internal analog circuits. This pin must be 
Voltage {1 connected through a 1 kQ resistor (Rv) to the center node between the two 
Reference termination resistors, Rr, as shown in Figure 12. 


Receive Tip Receive data input pair. RTIP and RRING are a fully differential input for 
Receive Ring the receive line interface. 


Frequency The LXT400 data rate is set by the logic levels present at the FP1 through 
Programming FP4 inputs as shown in Table 1, above. For operation at 64 kbps and other 
Inputs 1 thru 4 alternate data rates, refer to Application Note AN-30. 


rien LPBK an Loopback When set to logic 1, activates digital back-end loopback. | 
ee AGND lee IC Ground IC ground for all circuits except the transmit driver. | 
| i RCLK oO Recovered Clock | Clock recovered from signal input at RTIP and RRING. 


Receive Data Receive data outputs. A signal on RPOS corresponds to receipt of a 

Positive positive pulse on RTIP and RRING. A signal on RNEG corresponds to a 

and negative pulse on RTIP and RRING. Both outputs are stable and valid on 
Negative §=—'|_—ithe falling edge of RCLK, and are never high simultaneously. 


Line Status ‘An 8-bit serial word indicating loop length, line loss, loss of signal (LOS), 
Output etc. LS is valid on the rising edge of RCLK and goes to a high impedance 
| state when LSE is high. If LSE is tied low, the LS output represents LOS 

ony: 


Master Clock 1 The required 4.096 MHz input may be provided by a crystal connected 
| across these pins, or by a digital clock connected to MCLK1. Ifa clock is 
Master Clock 2 provided on MCLK1, MCLK2 must be left unconnected. | 


| LEVEL 
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Note 1. For information on 64 kbps operation and other alternate data rates, refer to Application Note AN-30 
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Table 2: Pin Descriptions continued 


Description 


Transmit Data Inputs are sampled at the halfway point between rising edges of TCLK. 
Negative AMI pulses are encoded as follows: TPOS JNEG Transmit Signal 
and 0 0 Space 
Positive 0 1 Negative Pulse 
1 0 Positive Pulse 
1 1 Space 


Transmit clock. TPOS and TNEG transitions must be coincident with the 
rising edges of TCLK. 


Hardware reset pin. Must be pulsed low on power-up to initialize all 
internal circuits. Must also be pulsed low after changing the baud rate 
and after forcing or releasing any loopback condition. 


Transmit Ring Differential driver outputs. Designed to drive the 135 Q twisted-pair cable 
Transmit Tip through transmit line interface shown in application diagram, Figure 7. 


Transmit driver power supply. +5 V (45%). 


Driver Ground Transmit driver ground. | 


Active low enable for the LS serial port. This pin musttransition from high 
to low to read LS serial data. LSE is sampled on the rising edge of RCLK. 


Input voltage, any pin |)? 

Input or output diode current, any pin ” 
Continuous output current, any pin ” 
Continuous current, VCC or GND pins 
Storage temperature 


1 TTIP and TRING are referenced to DVCC and DGND. 
2 Except supply pins. 





Table 4: Recommended Operating Conditions 


[Parameter | ym | win [Te | Mex [Unie 
DC supply favccipvec | 4.75 | 5.0 | 525 | vi | 


Ambient operating temperature i a 
@LEVEL > 3 
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Table 5: AC Electrical Characteristics os 


| Parameter | Symbol] Min | Typ! | Max | Units | Notes| 
Receive Timing (Figure 2) Ess 
RCLK period 

t 


RCLK pulse width high awn | /(2 £0) -150 1/(2 fb) + 150 
RPOS/RNEG delay from RCLK rising edge} t 200 
0 


7 


Transition time on any digital output 
Transmit Timing (Figure 3) 

TCLK period 

TCLK pulse width high | 
TPOS/TNEG setup to TCLK rising edge 
TPOS/TNEG hold time from the next 
rising edge of TCLK - 


Fl] ee 


“XN 
o 
c 


4 
40 
400 


o 


© 


Transition time on any digital input 

LS Serial Port Timing (Figure 4) 
LS delay from RCLK falling edge 

LSE setup to RCLK rising edge 

LSE hold time from RCLK falling edge 
LSE low to low Z state 

LSE high to high Z state 

MCLK and Reset Timing (Figure 5) 
MCLK1 input frequency 


0 


fel] TEL Er REE 


NO 


Bey ele [EE 


© 


0 


100 
100 


Sys ss ls at [et fet [oo [ot - ols l(t 
\z z 8 N |s |2 /4 |8 = = |@ 3 


a 


+ 50 
+ 80 
+ 100 

146 


MCLK1 frequency tolerance - at OCU 
| - at DSU @ 2400 bps 
- at DSU @ all other rates 
MCLK pulse width high 

RESET pulse width low 






B 


- as 
S — 
ON 
S&S © 
R R 


Pp 


TDSU ; 


—, 
i) 
bho 


1000 


= 


RWL 


Input capacitance 
TCLK jitter at DSU with respect to RCLK t, 
RCLK isochronous distortion at DSU r 


"3 
"T) 


PL 
Z 


e 


% tp at DSU 
%o 
% tp, at DSU 


5 


Transmit output jitter with respect to TCLK 
Transmit pulse amplitude at TTIP/TRING 


pt fe 


| i 
j[<i< = 
re) 

Q 

c 


- at 9.6 and 12.8 kbps 


1.44 1.75 
2.56 2.92 


' Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
?Measured with 15 pF load. | 
>The instantaneous peak amplitude of an isolated pulse (i.e.: a mark between two spaces) into a 270 Q resistive load. 
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~ at all other rates 


ele ELE EE TET 
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Table 6: DC Electrical Characteristics ) 


[remote Sym] Min [Tw | Mex | Unis] Tent Condon 
Supply current (transmitting spaces) Ls 40 mA | 270 Q resistor across TTIP 
and TRING 














Supply current (transmitting all marks) 47.5 mA | 270 Qresistor across TTIP 
and TRING 


Tiapatowvaiage Wt |v inp 
op 
[oupatiow vaiags Va 


' Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 


< |< 


— 


N No 
> _) 
a) 
ho 


< 


l 
on) 
> 
5 
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Figure 2: Receive Digital Timing 
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General Description 


The LXT400 comprises three basic sections: transmit, 
receive and control logic. 


The transmit section includes a 50% AMI encoder, a 

programmable switched-capacitor low-pass filter, a low- 

pass notch filter, a transmit timing resynchronizer and a 

continuous reconstruction filter. An on-chip CMOS driver 

is also incorporated to drive a 135 Q line through a 
transformer. | 


The receive section includes pre-filters and line equalizers, 
and the timing recovery and data extraction blocks. An 
internal digital phase-locked loop (DPLL) is used in 
conjunction with the MCLK input to synchronize the 
recovered clock and data. 


The control logic block initializes the transceiver, selects 
receive filters and reports status information on the serial 
port. Control logic inputs FP1 through FP4 determine the 
data rate in accordance with Table 1. The control logic 


Figure 4: LS Serial Port Timing 


executes the initialization procedure upon automatic re- 
synchronization or external RESET. Filter selection 
optimizes the receive signal-to-noise ratio (SNR) by | 
matching the filter in the equalizer section to the strength of © 
the received signal (a function of loop length/line loss). The 
control logic block also reports receiver status, estimated 
line length (as indicated by filter selection) and a receive loss 
of signal (RLOS) alarm on the serial port. 





Functional Description 
Initialization 


Upon power-up, or after changing the baud rate or loopback 





_ condition of the line interface, a RESET pulse is required to 


initialize the LXT400. On receipt of the RESET pulse, the 
LXT400 executes an iterative cycle of level detection and 
offset cancellation to select the appropriate equalizer 
settings for the received signal. Receiver initialization can 
be monitored on the serial channel. When received data has 
a 50% ones density, full operation is achieved within one 


LS Valid on RCLK 


Rising Edge 





‘Figure 5: MCLK and RESET Timing 
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second after RESET. Under the minimum ones density 
condition specified in Table 7, full operation is achieved 
within eight seconds after RESET. Correct initialization 
assumes the presence of an AMI-coded signal at the RTIP 
and RRING inputs. The LXT400 will not correctly initialize 
unless a stable signal which meets the network interface 
specifications of AT&T Pub 62310 is present at the RTIP 
and RRING inputs during the entire initialization process. 
The RPOS/RNEG outputs are not valid until full operation 
is achieved. During offset cancellation, the RPOS/RNEG 
outputs do not adhere to the AMI rule. However, once 
initialized (assuming that a proper baud rate is selected), 
RPOS and RNEG never simultaneously output a logic 1. 


A hardware reset is required after any of the following 

changes in transceiver configuration: 

1. A change in Baud Rate 

2. A change in the local analog loopback configuration 

3. A local change in the line upon which the transceiver is 
communicating (for example, configurations for 
changing lines in a "1 for n" redundancy scheme). 


Automatic re-initialization may be triggered by changes in 
received signal strength as follows: 


e Ifreceived signal strength increases by more than about 
6 dB after full operation is achieved, automatic re- 
initialization occurs. 


e Ifreceived signal strength decreases by more than about 
4 dB, re-initialization occurs. Ifthe decrease in received 
signal strength exceeds 6 dB, the LXT400 reports an 
LOS condition and performs an automatic re- 
initialization. 


Table 7: Ones Density Requirements 


Data Rate Minimum Average 
(kbps) Ones Density 


2.4, 4.8, 9.6, 19.2 
3.2, 6.4, 12.8, 25.6 
56.0 
72.0 
3.5, 7.0, 14.0, 28.0 








Table 8: Notch Filter Attenuation 
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OCU/Loop Customer (Primary Channel) 
Data Rate (kbps) Data Rate (kbps) 
2.4 or 3.2 


The time required to achieve full operation after 
reinitialization, is the same as required for power-on 
initialization (i.e., 1 second max with 50% ones density, 8 
seconds under minimum ones density conditions). 
Reinitialization is not triggered by impulse noise events. 


Transmission 


TPOS and TNEG must have transitions coincident with the 
rising edges of TCLK. The transmit section generates a 
50% AMI pulse according to the pulse encoding rules, which 
is synchronized with the TCLK input. In DSU applications, 
RCLK is typically routed back into the TCLK input. The 
instantaneous baud period varies with the receive DPLL 
phase adjustments, however, the pulse duty cycle is 
maintained at 50% of the nominal baud period by internal re- 
synchronization to TCLK. The AMI pulse is then processed 
through a set of frequency dependent filters. 


Initial filtering at all rates is accomplished by a 
programmable, switched-capacitor, low-pass filter. This 


_ filter is a single-pole type with the pole set at 1.3 times the 
bit rate (as determined by inputs FP1 - FP4). 


For data rates of 2.4, 3.2, 4.8, 6.4, 9.6 and 12.8 kbps, the 
filtered pulses go through an additional low-pass notch 
filter. The notch filter is required to protect other DDS 
services with specific band requirements, and provides the 
attenuation listed in Table 8. The additional rejection 
requirement is weighted within each band by "C-Message" 
weighting over double speech sidebands around a carrier in 
the middle of each band (28 kHz and 78 kHz). The C- 
Message weighting function is graphed in Figure 6. 


Figure 6: C-Message Weighting 


1 kHz 2 kHz 3 kHz 





Rejection Band 
24 - 32 kHz 72 - 80 kHz 
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Depending on the data rate, the frequency template extends 
to different limits as shown in Table 9. (An alternate notch 
filter is used for data rates of 3.5 and 7.0 kbps.) The single 
pole, low-pass filter would maintain the frequency within 
+5%, The notch filter attenuation is added to this. _ 


A continuous filter, common to all data rates, is the final 
stage. The continuous filter removes high frequency 
components which remain after processing by the low-pass 
' filter stages. The pulse is then applied to the line driver for 
transmission onto the twisted-pair line. 


Table 9: Frequency Limits per Data Rate 





Reception 


RTIP and RRING inputs are differentially detected, then © 


processed through the pre-filters and equalizer section. The 
continuous pre-filter removes high frequency noise and 
prevents aliasing problems for the switched capacitor (SC) 
line equalizers which follow. Pulse reshaping is achieved by 
the receive equalizer, which consists of an SC step equalizer 
and an adaptive decision feedback equalizer (DFE). The 
DFE eliminates residual inter-symbol interference (ISI due 
to echoing by multiple bridged tap connections and the 
quantized frequency responses of the SC step filters. The 
DFE is continuously adapted to compensate for ISI due to 
time varying line characteristics such as temperature, 


humidity and age. Nine different filter selections based on. 


signal strength are available. 


Data Rate Upper Frequency Limit | 
(kbps) (kHz) . 


Changes in Received Signal Strength 


During initialization, the LXT400 selects filters appropriate 
to the strength of the received signal. After initialization, the 
LXT400 continually monitors the receive signal strength to 


ensure the optimum signal/filter match. Data reception is 


not affected by impulsive noise events or by slow changes in 
signal amplitude, such as may be caused by temperature and 
humidity changes on the line. (The maximum constant rate 
of change which the LXT400 can track is 6 dB per minute.) 


_ However, instantaneous “step” changes (see Figure 7) may 


temporarily interfere with data reception. Step changes may _ 
be due to sudden changes in loop loss, far end transmitter 
output, etc. 


After normal operation has been established, an instanta- 
neous single-step change may cause one of three conditions, 
as shown in Figure 8. 


Under Condition 1, the LXT400 automatically adapts to 
minor step changes in signal strength (assuming that the new 
input is a valid DDS signal). 


Under Condition 3, the LXT400 responds to significant step © 
changes by re-initializing. 


Condition 2, while unlikely to occur in an actual DDS 
implementation, may be observed in the laboratory due to 
artificial line simulators. Condition 2, which results from a 
6 -20dB step increase in received signal strength, may result 
in a signal/filter mismatch. This condition is characterized 
by excessive bipolar violations (BPVs) which can be ob- 
served on RPOS and RNEG. External signal quality detec- 
tion circuitry can be used to detect excessive BPVs that are 
not recognized as standard DDS BPV code words. Upon 
detection of unrecognized BPVs, the user may force a reset 
on the LXT400 to resume error-free operation. 


Under normal operating conditions, step changes in received 
signal strength are all under local control. Thus, the user can 
reset the LXT400 once the new receive signal has stabilized 
at the chip inputs. Remote changes typically involve 
oan one line and re-connecting another line of 


Figure 7: Step Changes in Received Signat Strength = 20 log, (1) dB 
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different length. These changes trigger the RLOS report and 
automatic re-initialization. Any remote changes in line 
length or transceiver configuration are beyond the local 
user's control. Remote changes in baud rate are not detected. 


Receive Loss of Signal 


RLOS goes high when more than 32 consecutive zeros are 
received, caused either by a true loss of signal, or a signal 
strength drop greater than 6 dB. The LXT400 automatically 
re-initializes when RLOS goes high. Figure 9 shows the 


RTIP/RRING input and RLOS output timing relationships 
for a true loss of signal. When signal energy returns to the 
chip input, the LXT400 executes one full activation cycle in 
the presence of this signal. The result is that RLOS will 
remain high for a period of time (0.13 s < fH < 16 s) after — 
signal energy reappears. 


Figure 10 shows the RTIP/RRING input timing and RLOS 
output timing relationship for a signal strength decrease 
greater than 6 dB. In this case, RLOS will go high for a time 
0.26s<tP< 16s. | 


Figure 8: Conditions Based on Changes in Received Signal Strength 


OFeyatelitiela ie, 


Condition 3: > 20 dB Increase 
or>6dB Decrease. 

Automatic re-initialization. No 
action required. If the condition is 
due to a signal strength decrease, 
the LXT400 also reports RLOS. 





Figure 9: RLOS Timing for a True Loss of Signal 


Reference 


Signal Level 


Condition 1: 0 - 6 dB Increase or 
Decrease. , | 

Automatic compensation (may re- 
initialize). May pass erroneous data 
temporarily before resuming error- 
free performance. No action required. 


Condition 2: 6 - 20 dB Increase. 
Re-initialization not guaranteed. The 
device may continue to pass 
erroneous data until reset. RESET 
pulse required to ensure accurate 
data reception. 





Figure 10: RLOS Timing for a Drop in Signal Strength > 6 dB 


Wace LEVEL 
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Timing Recovery 


The timing recovery circuit uses a rate synchronizer to 
generate a high frequency internal clock from the MCLK 
input. A DPLL is used to synchronize this internal clock to 
the received data pulses. The output clock from the DPLL 
is divided down to generate RCLK and all other required 
clocks (except TCLK which is an external input). 


Data Extraction 


The data extraction block provides RPOS and RNEG 
outputs. A positive differential pulse received between 
RTIP and RRING results in a logic 1 on RPOS. A negative 
differential pulse between RTIP and RRING results in a 
logic 1 on RNEG. RPOS and RNEG are output at the 
received data rate and are valid on the falling edge of RCLK. 


Receiver operation is not affected by the data patterns, 
provided the ones density requirements of Table 7 are met 
with no more than 26 consecutive zeros. RLOS is declared 
after 32 consecutive zeros. However, the RCLK output 
remains synchronized to the RTIP/RRING input for more 
than 40 consecutive zeros. Bipolar violations are received 
properly. The bipolar violation coding rule that successive 
violations be of alternating polarity must be followed. 
However, if this rule is temporarily broken (due to channel 
noise, etc.), long term LXT400 data reception will not be 
adversely affected. 


Loopback Operation 


When the LPBK pin is set to alogic 1, the recovered data and 
clock are sent back through the transmit section and onto the 
line interface, as well as being output on the RPOS/RNEG 
and RCLK pins. TPOS/TNEG and TCLK inputs are ignored 
in the loopback mode. 
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Serial Port Operation 


The line status (LS) output is an 8-bit serial word enabled by 
pulling LSE low for 8 bit-periods as shown in Figure 4. Bit 
assignments are listed in Table 10. Approximate line loss 
and loop length (based on received signal strength/filter 
selection, assuming far-end pulse transmission compliant 


with AT&T Pub 623 10 or T1E1/90-051) are reported via bits 


b0 through b3 as listed in Table 11. Bits b4 through b6 
indicate the receiver activation state. Bit b7 is the RLOS 
alarm. | | 


Figure 11 shows the serial output for a typical LXT400 
initialization sequence. Bits b0 - b3 report filter selection 
and bits b4 - b6 report receiver status. Bit b6 toggles to 
indicate that the receiver is alternating between offset 
cancellation (b6 - b4 = 100) and receive level detection (b6 
- b4=000). The receiver starts with the highest-gain filter 
(b3 - bO = 0111), cancels systematic voltage offset at the 
filter output, and then detects the receive signal level at the 
filter output. If the signal exceeds the threshold for that filter, 
the LXT400 steps down to the filter with the next-highest 
gain (b3 - b0 = 1000). This process is repeated until the 
receive signal level does not exceed the filter threshold. 


Once the appropriate filter is selected, the receiver phase- 
locked loop (PLL) and slicer levels converge to match the 
receive signal for optimum SNR. During receiver 
convergence (b6 - b4 = 001), the PLL adapts to sample the 
peak of the receive pulses and the slicer level adapts to the 
midway point between zero and the pulse peak voltage. 
Once convergence is complete, the LXT400 begins full 
operation (b6 - b4 = 010). 
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Table 10: LS Word Bit Assignments 


| Bit#| Name | Description 
b0 LLO Loop Length Indication, bit 0 

LL1 Loop Length Indication, bit 1 

Loop Length Indication, bit 2 

Loop Length Indication, bit 3 

| Receiver Converging when high 

Full Operation when high 

Level Detection when high 

Receive Loss of Signal when high 





























for LL3 - LLO 


ange in km (24 AWG PIC, no bridged taps 





R 
| 1000 
IA 
7/13 
IA 2 |105/19 | 4/07 


410.5 


The insertion loss/line range values are defined as being less than or equal to the listed numbers, but greater than the numbers to the immediate 
right, or zero for LL3 - LLO= 1111. ; 


N | | 4 | 22/50 | 
10.5/1.9 


Figure 11: Typical Serial Port Output for Receive Activation @ 72 kbps 


Offset Level Offset Level Offset Level § PLL &Slicer Full 
Canx Detect Canx Detect Canx Detect Convergence Operation 
100 000 100 000 100 000 001 ~ 010 


 b6 / 7 | 
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b3 - bO 0111 1000 1004. _——_—__—_—_$_$_$—$$_ 
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Design Considerations 


Figure 12 shows a typical LXT400 application circuit. A 
DSU crystal (4.096 MHz) is connected across MCLK1 and 
MCLK2, with two grounded loading capacitors. The line 
interface consists of a pair of 1:1 transformers, center-tapped 
on the line side, with appropriate load resistors. The Rs/ Cs 
shunt network provides high frequency compensation for 
the transmit driver. The input signal is developed across the 
Rr/Rin network. Rv limits current into the low-impedance 
VINT driver during over-voltage conditions on the line. 
Table 12 lists external component recommendations. 


Crosstalk 


It is important to prevent crosstalk between the transmitter 
and receiver circuits. Steps were taken to reduce this 
interference inside the LXT400, but precautions must be 
taken with the line interface circuitry outside the chip as 
well. Crosstalk is especially high when the idle pattern 
(alternate positive and negative pulses) is being transmitted 
because the transmit power is concentrated around the 
Nyquist frequency (half the baud rate). 


PCB Layout 


The external line interface circuit must be laid out to 
minimize coupling of other digital and analog signals into 
RTIP and RRING (see Figure 13.) These inputs, pins 2 and 
3, are high impedance nodes which can pick up interference 
from adjacent PCB traces. The line interface circuit must be 
designed for loops with up to 50 dB of loss at the Nyquist 
frequency, even if the product will never be used on such 
long lines. When no receive signal is present, the LXT400 
will switch to the highest gain filter, which at 56 and 72 
kbit/s produces an internal gain of about 50 dB. Unless 
precautions are taken, substantial interference coupling into 
RTIP and RRING could exceed the internal slicer levels and 
prevent the RLOS report. Layout considerations for 
LXT400 application circuits include: | 

1. Minimum PCB trace lengths between the LXT400 an 
the 4.096 MHz crystal and loading capacitors. 

2. Minimum PCB trace lengths between resistors Rin and © 
the RTIP and RRING pins. Shield these connections 
with ground traces. | 

3. Minimum PCB trace lengths between the receive 
transformer and the receive termination network. 


Figure 12: Typical LXT400 Application Circuit for 72 kbps Operation 
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LXT400 All Rate Extended Range SW56/DDS Transceiver 


Table 12: External Component Recommendations 












Center tapped (for line side) 
200 mH minimum 


Suggested Manufacturers: 
Midcom - Phone 800/643-2661 
Schott - Phone 615/889-8800 


Rin ss—‘—sCsdY Resistance, Tolerance, Rating 30.1 kQ, + 1%, 1/4 W 
RERr sis Resistance, Tolerance, Rating (338 <Rwp Ree) 9 te 190, 4 W. 
Resistance, Tolerance, Rating kQ, + 5%, /4 W 









DC Resistance (Secondary, Rws) —7QE1Q 
1 


Suggested Manufacturers: 
Fox - Phone 813/693-0099 
Monitor - Phone 815/432-5296 


Aging 

i 

a ee ee 

EEC 3h, ca (een NN eee Re SU I, 
[RS -- > —— a Resistance, Tolerance, Rating 28 Q, £5%, '/4 W- 

Capacitance, Tolerance, Rating 0.01 WF, + 20%, 10 V 





DSU Crystal Nominal frequency 4.096 MHz 
Holder style HC-49/U 
0 





Figure 13: Suggested LXT400 PCB Layout 
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LXT300/310 Adapting Short-Haul T1 Designs for Long-Haul Applications 


LXT300 and LXT310 Interchangeablility 


Adapting Short-Haul T1 Boards to Long-Haul Applications 





While the LXT300 is designed for short-haul (up 


to 200 m) T1/E1 applications and the LXT310 is | 


designed for long-haul (up to 2 km) T1 applica- 
tions, these transceivers are quite similar in func- 
tion. There are only minor differences in line 
interfaces and pin configurations. Therefore, T1 
equipment designed for short-haul applications 
(using the LXT300) can easily be adapted to 
provide long-haul capability (using the LXT310) 
as an option. This application note describes the 
steps necessary to adapt a single design so that it 
can be used for both long-haul and short-haul 
applications. 





e Inthe Hardware mode, three Equalizer inputs 
on the 300 are replaced by two LBO inputs and 
an NLOOP output on the LXT310. These pins 
are identical in the Software mode, but the bit 
register is defined differently. 


e The LXT300 uses two inputs and an output for 
the Driver Performance Monitor (DPM) func- 
tion. On the LXT310, these pins are replaced 
by inputs for Jitter Attenuation Select 
(JASEL) and Equalizer Gain Limitation 
(EGL), and an output for Line Attenuation 
(LATN). 


e The LXT300 uses a 1:2 transformer for both 
the Tx and Rx line interfaces. The LXT310 
uses a 1:2 transformer with two 12.5Q series 
resistors for the Tx line interface; it uses a 1:1 
transformer for the Rx line interface. 
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LXT310, modify the circuit as follows: 


1. Cut the DPM output trace from LXT300 pin 
11, and tie the LXT310 JASEL input to VCC. 


2. Cut the MTIP and MRING inputs to LXT300 
pins 17 and 18. Reconfigure the LXT310 input 
at pin 17 to allow EGL switching, or simply tie 
pin 17 to ground. Connect the LXT310 output 
from pin 18 to a LATN decoding circuit. 


3. Cut the EC1 input to LXT300 pin 23, and 
- connect the LXT310 output from this pin to 
NLOOP monitoring circuity. 


seeesteneteeeey 
* 4) ., 
; 


ae eterere: 


On the transmit side, both the LXT300 and 
LXT310 use a 1:2 transformer. The LXT300 
transformer connects directly to the chip as shown 
in Figure la. The LXT310 requires two 12.5 Q 
Serial resistors in line with the transformer, as 
shown in Figure 1b. 





On the receive side, the LXT300 uses a 1:2 trans- 
former with 400 © termination, as shown in 
Figure 2a. The LXT310 uses a 1:1 transformer 
with 100 Q termination, as shown in Figure 2b. 


(A 1:2 CT transformer can be used for both de- 
vices. For LXT310 boards, connect only one of 


the secondary windings, an effective 1:1 ratio.) 








Interface 





Figure 2a: LXT300 Receive Line Interface Figure 2b: LXT310 Receive Line Interface 
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LXT30x and LXT318 Interchangeabllity 
Adapting Short-Haul E1 Designs for Long-Haul Applications 





While the LXT300, 304A and 305A are designed 
for short-haul T1/E1 applications (up to 14 dB) 
and the LXT318 is designed for long-haul E1 
applications (up to 43 dB), these transceivers are 
quite similar in function. There are only minor 
differences in line interfaces and pin configura- 
tions. Therefore, El equipment designed for 
short-haul applications (using LXT30x series 
transceivers) can easily be adapted to provide 
long-haul capability (using the LXT318). This 
application note describes the steps necessary to 
adapt a short-haul design so that it can be used for 
both long-haul and short-haul applications. (The 
LXT318 can support both E1 long-haul and E1 
short-haul applications.) 





¢ The LXT30x uses three Equalizer inputs in the 
Hardware mode. These pins are not used by 
the 318 and should be tied to ground. These 
pins are identical in the Software mode, but the 
bit register is defined differently. 


¢ The LXT30x uses two inputs and an output for 
the Driver Performance Monitor (DPM) func- 
tion. On the LXT318, these pins are replaced 
by an input for Jitter Attenuation Select 
(JASEL) and an output for Line Attenuation 
(LATN). 


¢ .The LXT30x uses a 1:2 transformer for both 
the Tx and Rx line interfaces. The LXT318 
uses a 1:2 transformer with two 15 Q series 
resistors for the Tx line interface, and a 1:1 
transformer for the Rx line interface. 


qc @LEVEL 
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To adapt an LXT30x board to accommodate the 
LXT318, modify the circuit as follows: 


1. Cutthe DPM output trace from LXT30x pin 11 
and tie the LXT318 pin 11 (JASEL) to VCC (to 
select receive jitter attenuation), or to GND (to 
select transmit jitter attenuation). 


2. Cut the MTIP and MRING inputs to LXT30x 
pins 17 and 18. Connect the LXT318 input at 
pin 17 to ground. Connect the LXT318 output 
from pin 18 toa LATN decoding circuit. 


3. For Hardware mode, cut the EC inputs to 
LXT30x (pins 23, 24 and 25), and connect 
these LXT318 pins to ground. 





On the transmit side, both the LXT30x and 
LXT318 use a 1:2 transformer. The LXT30x 
transformer connects directly to the chip as shown 
in Figure la. The LXT318 requires two 15 Q 
Series resistors in line with the transformer, as 
shown in Figure 1b. 


On the receive side, the LXT30x uses a 1:2 trans- 
former with 480 Q termination, as shown in 
Figure 2a. The LXT318 uses a 1:1 transformer 
with 120 Q termination for TWP applications, as 


~ Shown in Figure 2b. 


(A 1:2 CT transformer can be used for both de- 
vices. For LXT318 boards, connect only one of 
the secondary windings, an effective 1:1 ratio.) 
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LXT304A /316/318 Dual-to-Single Chip Migration for Long-Haul E1 Applications 


LX7T318 Long-Haul E17 Transceiver Solution 


Migration from Dual-Chip (LXT304A / LXT316) to Single-Chip (LXT318) Implementation 


OCC ROC CR 
ate! 
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Long-Haul E1 (2.048 Mbps) transmission equip- 
ment with a smooth transition from Level One's 
LXT304A/316 dual-chip long-haul E1 solution to 
an advanced single-chip implementation, the 
LXT318. 


There are only minor differences in the line inter- 
faces for single and dual chip solutions. There- 









solution (using the LXT304A and LXT316) can 
easily be adapted to take advantage of the fully 
integrated LXT318. | 


This application note describes the steps neces- 


sary to modify a dual-chip design for use with the 
LXT318. Both solutions use the same transform- 
ers. The modification involves removing the 
repeater and associated circuitry (shown in the — 


shadowed area of the diagram below). 


fore, El equipment designed around the dual-chip 
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LXT304A /316/318 Dual-to-Single Chip Migration for Long-Haul E1 Applications 
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In Hardware mode, the LXT304A uses three 


LXP2181A 
E1 CRC4 
FRAMER 


Equalizer Control inputs (EC1, EC2 and 
EC3), and two transmit driver monitor inputs 
(MTIP and MRING). These functions are not 
provided on the LXT318. On the LXT318, 
pins 17, 23, 24 and 25 must be tied to ground. 
LXT318 pin 18 is now the coded line attenua- 
tion (LATN) output. 


On the LXT318, pin 11 is used as an input for 
Jitter Attenuation Select (JASEL). It should 
be tied to VCC or ground, as desired. 


[AAA ARR RAM RA RAR RRA KAMARA MRR ARRRAARARRAMA RRA RR MRAM R RRR 
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. Tomodify a2-chip long-haul PCB for use with 


the LXT318, cut the EC1, 2 and 3 inputs to 
LXT304A (pins 23, 24 and 25). Tie these three 
pins to ground. | 


Cut the MTIP and MRING inputs to LXT304A 
pins 17 and 18. Tie pin 17 to ground. Tie pin 
18 to an LATN decoding circuit or let it float. 


Cut the DPM output trace from LXT304A pin 
11, and tie the LXT318 JASEL input to VCC 
(for receive jitter attenuation) or to ground (for 
transmit jitter attenuation). 


Remove all the circuitry shown in the shad- 
owed area below, and connect the receive 
transformer to pins 19 and 20 of the LXT318. 
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This application note provides guidelines for in- 
terfacing the Level One LXT300 series (LXT300, 
301, 305, 304A and 305A) transceivers with Mitel 
framers in both T1 and E1 applications. Only 
minimal circuitry is required to implement the 
interface. For T1 (1.544 MHz) applications, the 
transmit data pins may be connected directly be- 
tween the two chips as shown in Figure 1. A single 
4-gate NAND package provides the signal inver- 
sion required on the receive side. 
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MT8976 


LXT30x Transceiver / Framer Interface 


Receive side signal inversion is also required for 
E1/CEPT (2.048 MHz) applications. A similar 
setup using NAND gates in an El application is 
shown in Figure 2 (back page). Additional cir- 
cuitry is also required to synchronize the transmit 
data stream in El applications. This synchroniza- 
tion is easily implemented with a pair of D-flip- 
flops, clocked by the common 2.048 MHz trans- 
mit clock. | 
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LXT30x Transceiver / Framer Interface 
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T1 Jitter Measurement 62411 Certification 





Tl Jitter Performance Measurement | 
Al&l Pub 62411 Certification 


Sie 


sereral Description 
This application note provides a brief definition of 
jitter and then summarizes jitter performance re- 
quirements and measurement techniques specified 
for T1 (1.544 MHz) Customer Premises Equipment 
(CPE). 


Requirements for Tl systems are specified by 
AT&T Publication 62411, December 1990 - 
Accunet T1.5 Service Description and Interface 
Specification. (Similar requirements for E1 systems 
are specified by CCITT G.823 - The Control of Jitter 


and Wander within Digital Networks.) 
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T1 signals are composed of square-wave pulses as 
shown below. A "1" is represented by a positive or 
negative pulse (the pulses alternate in polarity). A 
"0" is represented by the absence of a pulse. To 
enhance timing and data recovery, the duration of a 
"1" pulse is constrained to '2 of the bit rate period. 
Deviations in time between when the pulse transi- 
tions occur and when the decoding circuits expect 
them to occur are referred to as jitter. Very low 
frequency deviations (< 10 Hz) are referred to as 
wander. These deviations are equivalent to uninten- 
tional phase modulation. Any pulse that is phase- 
shifted by more than 50% will be sampled incor- 
rectly. Ul 














- Jitter is measured in Unit Intervals (UIs). A UI is 
equal to the bit rate period. A UI is, therefore, the 
reciprocal of the frequency. For T1 service, a UI 
equals 648 ns, while the "1" pulse duration is 324 ns. 
Jitter amplitude is measured in UI pp (peak-to-peak). 
Jitter specifications have both an amplitude compo- 
nent and a frequency component; that is, for a given 
jitter parameter, performance will be specified at a 


particular amplitude (in UI pp) within a particular 


frequency band. — 
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Types of Jitter 
There are three parameters of jitter performance 
which are specified and measured: 
1. Input Jitter Tolerance 
(Jitter Accommodation) 
2. Output Jitter Generation (Intrinsic Jitter) 
3. Jitter Transfer (Jitter Attenuation) 


Input Jitter Tolerance. Input jitter tolerance is 
defined as a system's ability to recover input data 
correctly in the presence of jitter. This value indi- 
cates how much input jitter a system or device can 
handle before bit errors occur. Individual devices 
should have as high a tolerance value as possible © 
because the system's jitter tolerance is limited to the 
tolerance of its most restrictive element. Input jitter 
tolerance is also referred to as jitter accommodation. 


Output Jitter Generation. Output jitter is de- 
fined as the amount of jitter generated in the system 
output when zero jitter is present in the input. Essen- 
tially, it is a measure of how "noisy" the system is. 
Individual system elements should have as low a 
value as possible because output jitter is additive. 
Each device in a system adds its own intrinsically 
generated jitter to the system total, hence the term 
"jitter budget". Output jitter is also referred to as 
intrinsic jitter or additive jitter. 


Jitter Transfer. Jitter transfer, frequently referred 
to as jitter attenuation (JA), is defined as the percent- 
age of input jitter which is present in the system 
output, expressed in dBs. While a certain amount of 
jitter attenuation is desirable, excessive jitter attenu- 
ation can cause problems with frame slippage and 
synchronization. Therefore, jitter attenuation speci- 
fications define an acceptable range of values for a 
given jitter frequency. (Jitter attenuation circuits 
typically use an elastic store as a buffer between 
input and output. Buffer size is directly related to 
throughput delay. Oversize buffers intended to 
maximize jitter attenuation may cause equipment to 
fail requirements for maximum throughput delay.) 
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T1 Jitter Measurement 62411 Certification 


AT&T Pub 62411 Compliance Testing 


Jitter performance is strongly related to the transmitted bit 
pattern. AT&T Publication 62411 defines a standard quasi- 
random test signal (QRTS) used for jitter testing at 1.544 
Mbps. The QRTS bit pattern is designed to simulate typical 
transmission patterns. Jitter performance testing should be 
conducted in a noise-free environment to eliminate, as far as 
possible, the effect of other factors on the performance of the 
device under test. 


Input Jitter Tolerance Testing. 

The input jitter tolerance of a DTE is characterized by 
determining the level of jitter required to induce bit errors in 
a 60-second interval. At frequencies up to 10 kHz, one bit 
error is allowed. At higher frequencies, up to 5 errored bits 
are allowed in a 60-second period. (Synchronizers, which 
provide a system master clock, are held to a tighter spec. 
They are characterized’ by determining the level of jitter 
required to induce aloss of synchronization.) Jitter tolerance 
is tested at a number of spot frequencies to ensure full 
characterization across the spectrum. Figure 1A shows the 
jitter tolerance template for DTE. Figure 1B shows the jitter 
tolerance template for synchronizers. 


Jitter Tolerance Test Procedures 
1. Connect the test equipment as shown in Figure 2. 
2. Configure the device under test for remote loopback. 
3. With its modulation input turned off, configure the 
RF signal generator for an appropriate output level to 


drive the external clock input of the BER, through an 
AC-coupled driver as shown in Figure 2. Test this 


Figure 1: 


_ 
s 
oa 
¢ 


88 
ce 


= 
a 
3 
§ 
@ 
a] 
3 
= 
2. 
£ 
< 
o 
= 
= 
S 
© 
> 
® 
£ 
~” 


10 Hz 100 Hz 1 kHz 10 kHz 100 kHz 


Sinewave Jitter Frequency 
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6a. 


6b. 


Sinewave Jitter Amplitude (peak-to-peak) 


jitter-free external clocking of the BER with the unit 
under test. 


Enable the External FM Modulation mode of opera- 
tion on the HP8656B. 


Set the Frequency Synthesizer to the first jitter fre- 
quency to be tested. Set the amplitude of this sine 
wave frequency such that the high/low input LEDs on 
the HP8656B are off (approximately 2.1 V pp. 


DTE Testing. While observing the transmission 
tester for bit error indications, adjust the modulation — 
index on the signal generator to the level required to 
produce the minimum error level. (For example, if 
the synthesizer is set for a jitter frequency of 10 Hz, 
adjust the modulation index as required to produce no 
more than one bit error in any 60-second period.) 


Synchronizer Testing. While observing the transmis- 
sion tester for clock slips (loss of sync), adjust the 
modulation index on the signal generator to the level 
required to produce the loss of sync. Then, reduce the 
modulation index to the level required to achieve 
resynchronization. Record both values. 


Determine the jitter tolerance using the formula: 


Ulpp = AY fm 


where fm = Jitter Frequency 

(synthesizer modulation. frequency), and 
where Af = FM Modulation Index 

(as set on the signal generator). 


Input Jitter Tolerance Specified by AT&T Publication 62411 


10Hz 100 Hz 1 kHz 10 kHz 
Sinewave Jitter Frequency 


100 kHz 
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T1 Jitter Measurement 62411 Certification 


for example, 8. Repeat steps 5 through 7 for additional frequencies to 
be tested and plot the results as shown in Figure 3. 
38 KHZ, £10 Hz= 1209 Ulpp @ 10 Hz ies 


Figure 2: Input Jitter Tolerance Test Setup 
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Output Jitter Generation Testing. - Output Jitter Generation Test Procedures 

The intrinsic jitter generated by a DTE is characterized by 1. Connect a frequency synthesizer, signal generator 
configuring the device for remote loopback and then moni- . and telecom tester to produce a jitter-free QRTS 
toring the line output when no jitter is present in the line output. Figure 2 may be used as a reference. 

input. AT&T Publication 6241 1 lists maximum output jitter | 

values for three separate frequency bands, as wellasafourth 2. Select the filters in the HP3785B as shown in Figure 
value for the unlimited broadband output. Output jitter may 4 and monitor the first frequency band. | 
be measured with a variety of instruments including peak 3 
detectors, ttue RMS voltmeters and spectrum analyzers. 3. Measure and record the output jitter peak values. 
Figure 4 shows a typical test setup. Figure 5 lists the | 4 

maximum generated jitter allowed in each frequency band, 4. Repeat steps 2 and 3 for each remaining band. 


as well as sample test measurements. 


Figure 4: Output Jitter Generation Test Setup 
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Figure 5: Output Jitter Generation Specification 
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Figure 6: Jitter Attenuation Template 





Jitter Attenuation Testing. 


: ca 

Jitter attenuation is defined as the percentage of input jitter = 
which is present in the system output, expressed in dBs. ce) 
While a certain amount of jitter attenuation is desirable, < | 
excessive jitter attenuation can cause problems with frame 2 N Spec Limit 
slippage and synchronization. Therefore, jitter attenuation Acceptable Range = 40 dB 

_ Specifications define an acceptable range of values for a Pe 
given jitter frequency as shown in Figure 6. (Jitter attenua- E 
tion circuits typically use an elastic store as a buffer between 5 Previous Saige \ 
input and output. Buffer size is directly related to throughput 
delay. Oversize buffers may cause equipmentto fail require- ; arr 
ments for maximum throughput delay.) Jitter attenuation is ‘d SINEWAVE eee ee ——>| 





also referred to as jitter transfer. | | - LOG SCALE 
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Jitter Attenuation Test Procedures | 5. Set the reference level (UIINP) on the spectrum ana- 
lyzer by temporarily connecting the BERT transmit 
-1. Connect the test equipment as shown in Figure 7. output directly into the data input of the jitter receiver/ 
| generator. 
2. Set the frequency synthesizer to produce a square | 
wave reference clock at 1.544 MHz. 6. Re-connect the test equipment as shown in Figure 7 
and set the synthesizer to the first jitter frequency to 
3. Set the jitter generator as follows: be tested. 
a. Frequency: lowest frequency to be tested 
b. Amplitude : 75% of the level shown in Figure 1 7. Observe the spectrum analyzer (Figure 8) and record 
(use appropriate DTE or Synchronizer template.) the difference between the reference level, Ulinp, and 


the DTE line output level, UIout. 
4. Set the spectrum analyzer as follows: 


a. Center Frequency: same as 3a. 8. Repeat steps 3 through 7 for each frequency to be 
b. Frequency Span: 200 Hz - 500 Hz. tested and plot the results as shown in Figure 9. 


Figure 7: Jitter Attenuation Test Setup 
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NOTE: The test setup shown in Figure 7 is used to measure jitter amplitudes less than 10 UI (the limit of the HP3785B). 
_ Alternate test setups should be used for other jitter amplitudes or amplitude/frequency combinations. 


Figure 8: Spectrum Analyzer Display Figure 9: Typical LXT304A JA Performance 
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NOTES: 
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LX7T310 and LXT304A 


Combination DS-1 / DSX-1 CSU Applications 





This application note describes a T1 line 
interface for combination DS-1/DSX-1 
CSU applications implemented with an 
LXT310 long-haul transceiver and an 
LXT304A short-haul transceiver. Figure 
1, on the next page, is a simplified sche- 
matic of the application circuit. 


Transmit functions are shared between the 
LXT310 (DS-1) and the LXT304A (DSX- 
1). Both transmitters are connected to a 
single 2:1 transmit transformer through 
matching resistors. A pair of AND gates on 
the TCLK input pins are used to select the 
active transmitter. (The transmitters re- 
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main in the power-down state with high 
impedance on the TPOS/TNEG inputs un- 
til TCLK is supplied.) 


Receive functions for both DS-1 and DSX- 
1 applications are handled by the LXT310. 
The receive circuits of the LXT304A are 
not used. 


Some additional circuitry is required to 
route receive data from the LXT310 to the 
LXT304A for Remote Loopback in the 
DSX-1 mode. Refer to the LXT310 and 
LXT304A data sheets for detailed specifi- 
cations. 
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: LXT310/304A Combination DS-1 / DSX-1 CSU Applications 


Figure 1: Combination DS-1 / DSX-1 CSU Application Circuit 


‘ 










LXT310 
TRANSCEIVER 


MCLK TAOS 


LXP2180A 
T1 ESF 
FRAMER . 


TCLK 





LLOOP 





TCLK 


ee 
a CI From 


























TPOS f TPOS RLOOP Buoe 
Control 
TNEG TNEG LBo1 |_| Logic 
j MODE _  -LBO2 |_| 
RANEG NLOOP [7] 
| a | i 
rT -RPOS RGND [| 
RCLK RV+ aa = 
. XTALIN RRING | | 
XTALOUT ATIP 
JASEL LATN re 
LXP600A ‘LOS = a es 
| TTIP Trine LI 
2.048—B{ | CLKi  CLKol | 
MHz 1.544 TV+ 
MHz 
DS1 /DSX-1 
SELECT 
From CMOS ae 
Control Logic 





LXT304A 
TRANSCEIVER 


MCLK TAOS 







TCLK LLOOP 


TPOS RLOOP 







EC3 





TNEG 








EC2 





MODE 
ECi 





RNEG 


RPOS 







RCLK 










XTALIN 


XTALOUT 
DPM 


LOS 







TTIP 


1 


1.544 MHz 
eo 3 DS-1 / DSX-1 
Transmit 
( DSX-1 
t 


ransmit 





1:1 
1.544 MHz 


i a a 
Bn Receive 


4 


9.4.0 


SLEVEL 
(¢ ONE © 


LX1T310 Line Protection Circuitry 





LXT310 Line Protection Circuitry 


Application Guidelines 








This application note provides guidelines for line 
protection circuitry required in network channel 
termination equipment (NCTE), a typical 
LXT310 application. NCTE is installed at the 
customer premises end of T1 lines. Called "DS-1". 
loops, these lines are typically outside the office 
environment. They are subject to overvoltage/ 
overcurrent stresses from lightning strikes, power 
crosses, and other noise sources. Protection cir- 
cuitry is required to protect the line and the termi- 
nation equipment (CSU, Mux, PBX, etc.) from 
overload stresses. 


NCTE protection requirements are specified in 
FCC Part 68 (lightning hazards), UL 1459 (AC 
hazards), Bellcore TR-TSY-000007 and AT&T 
Pub 62411. These documents differentiate be- 


tween longitudinal stress (differential between 
tip/ring and ground) and metallic stress (differen- 
tial between tip and ring). Longitudinal stresses 
are more common and include impulsive noise 
events such as lightning induced surges. Metallic 
Stresses are less likely and are usually caused by 
power crosses during maintenance activity. 






RTIP 
RRING 


LXT310 
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Figure 1 shows a typical LXT310 line interface. 
Protective circuit elements are described below. 


¢ Resistors RT, RR and RZ in the transmit and 
receive lines are selected to match the line 
impedance. They also provide some current 
limiting action. 


e Line transformers TT and TR should be break- 
down rated at> 1 kV. 


¢ The 6.3 V zener diode bridges clamp metallic 
Stress, passing only the current required to 
hold tip/ring differential at 6.3 V maximum. 


¢ Current is limited by load resistors RL, the 
optional fuses FL and the diode bridges. 


¢ The gas discharge tubes provide fast reaction 
protection from lightning strikes, conducting 
sudden surges to ground. 


- Suggested component values are listed in Table 1 


(back page). 







Gas Discharge 
Tubes 
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Table 1: Recommended Component Values 


ET21kV 
ET21kV 

5.6 Q,5 %, 2 W 
12.52,5%,“4W 


100 2,5 %, “AW 

100 2,5 %, 4W 

type 1N4004 

6.3 V, 5 W, type IN5341A 


In-line fuses, 1-1.5 A 
Gas Discharge Tubes 





* Optional devices. May be required for UL approval. 
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LX T1400 Alternate Data Rate Applications 


Guidelines for 64 kbps Clear Channel and other Alternate Data Rates 





The LXT400 offers 14 selectable data rates using 
a single 4.096 MHz master clock. The selectable 
data rates include the 10 standard DDS rates and 
four PacBell ADN rates listed in Table 1 below. 
This application note provides guidelines for us- 
ing the LXT400 in circuits which operate at addi- 
tional alternate data rates. Figure 1, back page, 
shows a typical 64 kbps clear channel applica- 
tion circuit using a 4.68114 MHz crystal. 


_ Alternate rate operation is implemented by select- 
ing the closest standard data rate with the Fre- 
quency Program pins (FP1 - FP4), and then pulling 
the chip to the desired data rate with an off- 
frequency master clock (MCLK). MCLK may be 
supplied by a crystal across MCLK1 and MCLK2 
(as shown in Figure 1), or by a digital clock at 
MCLK1 with MCLK2 left open. 


Table 1: Selectable Data Rates 


DataRates [Fi | FP2| FPO| FPA 











pps | 24K | 0 | 0 | 0 | 0 
3.2 kbps | 1-0 | 0 | 0 

| 48kbps | O | 1 | O | O- 

| 64kbps | 1 | 1 | 0 | 0 | 
P9.6kbps | 0 | 0 | 1 | 0 
/12.8kbps | 1 | O | 1 | O | 
r19.2kbps fo | 1 | 1 | 0 
[25.6kbps | 1 | 1 | 1 | 0 
56.0kbps | 0 | O | O | 1 | 
0k | 1 | 0 | 0 | 1 

ADN| 35kbps | 0 | 1 | 0 | 1 

| | 7.0kbps | 1 | 1 | 0 | 1 
}14.0kbps | 0 | O | 1 | 1 
[28.0kbps | 1 | O | 1] 1 





Use the following saqustion:t to 9 determine the re- 
quired MCLK frequency f.: 


f= 4.096 MHz + '9/¢ 


where fD = the desired data rate, and 
fS = the selected data rate 
(selected by pins FP1 - FP4). 


Because the LXT400 oscillator operates best at - 
frequencies above 4 MHz, the next lower data rate 
Should be selected, and used with a higher fre- 
quency MCLK. For example, if the desired data 
rate is 64 kbps, two standard rates (56 kbps and 72 
kbps) are equidistant from the desired frequency. 
Optimum performance is achieved by selecting 
the 56 kbps data rate and driving MCLK at a 
frequency higher than the standard 4.096 MHz, to 
pull the LXT400 up to 64 kbps. With these values 

plugged into the equation; 7 


“f= 4.096 MHz" sk 


f=4. 68114 MHz 


When MCLK is supplied by a crystal oscillator’, 
the FP pins can be hardwired to the desired fre- 
quency. However, in applications which require 
operation at multiple frequencies (standard and/or 
alternate), relays or control logic can be used to 
Switch the FP inputs and crystals or digital clocks. 
(Relays should be selected to minimize the effects 
of contact resistance and capacitance.) Table 2, 
back page, lists MCLK frequencies and FP set- 
tings for various alternate data rates. 


' Crystal f,, must be accurate to within + 40 ppm over the temperature range -40 to +85°C. This 
ensures an MCLK frequency accurate to within +100 ppm at the DSU. MCLK frequency at the 
OCU. must be accurate to within +50 ppm. See LXT400 data sheet for full details. 
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LXT400 Alternate Data Rate Applications 


Table 2: MCLK Frequency Selection for Alternate Data Rates 


| Desired — _ Selected MCLK' 
Data Rate . Data Rate Frequency 


38.4 kbps 25.6kbps | 6.144 MHz 
51.2 kbps 56.0 kbps 3.74491 MHz? 
64.0 kbps 56.0 kbps | | 4.68114 MHz 


NOTES: 

1 Crystal f,, must be accurate to within + 40 ppm over the temperature range -40 to +85°C. This 
ensures a MCLK frequency accurate to within +100 ppm at the DSU. MCLK frequency at the OCU 
must be accurate to within +50 ppm. See LXT400 data sheet for full details. 

2  Inthis case the difference between the desired data rate and the selected data rate is small enough that 
the MCLK frequency may drop below 4 MHz without degrading device operation. 





Figure 1: Typical LXT400 64 kbps Clear Channel Application 
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LXT902/906 Impedance Matching for Shielded and Unshielded Twisted-Pair LANs 





LXT902 and LXT906 


Impedance Matching 


for Shielded and Unshielded Twisted-Pair Lines 








The LXT902 Media Attachment Unit (MAU) and 


LXT906 Twisted-Pair - Coax (TP-CX) Adapter 
both require impedance matching with the net- 
work media. This application brief provides a 
short explanation of the impedance matching net- 
works required for shielded and unshielded 


twisted-pair lines. This information applies to 


both the LXT902 and the LXT906 





On the transmit side, the LXT902 and LXT906 
use resistors in line with the output as shown in 

Figure 1. To provide an optimum match, the total | 
impedance of the resistors and the filter should 
equal the line impedance (RL1 + RL2 + ZF = ZL). 


On the n receive gic the LXT902 and LXT906 use 
a pair of resistors across the input with the center 
node tied to ground through a capacitor as shown 
in Figure 2. To provide an optimum impedance 
match, use the same formula as used for the trans- 
mit side: RL1 + RL2 + ZF = ZL. 





For sxamiple. when the network aoa iS 100 Q 
UTP and the filter impedance is 5Q, each resistor 
value should be 47.50. When the network media 
is 150 Q STP and the filter impedance is 0Q, each 
resistor value should be 75Q. This simple formula 
works for both devices and for both the transmit 


and receive line interfaces. 











LXT902 
or 
LXT906 


RL1 ——+ 
TPOP 







47.56Q41% 


RL2 







47.5Q 41% 
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LXT902 
or 
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76Q 41% 
-1 pF 


75Q 41% 





Rx 
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LXT902 FOIRL Application 





Low Cost FOIRL/Ethernet Media Conversion 


LXT902 Applications 


by Haim Shafir 
Senior Design Engineer 





This application note describes a transceiver designed for 
Fiber Optic Inter-Repeater Link (FOIRL) applications as 
shown in Figure 1. A FOIRL, defined in the IEEE 802.3 
standard, connects two Ethernet repeater units with a fiber 
optic link. The length of the fiber link between LAN 
segments is limited to 1 km. 


This application note describes a very cost-effective FOIRL 
transceiver using the Level One LXT902 10Base T Trans- 
ceiver and standard off-the-shelf components for the Fiber 
Optic receive/transmit functions. 





* Fiber Optic Signal Reception & Transmission 


¢ AUI Reception and Transmission 
¢ Low Light Level Signal Detection 
¢ Fiber Optic Idle Signal Generation 


¢ Diagnostic LEDs 


Fiber Optic Receiver 

The Fiber Optic receiver uses a Hewlett Packard HFBR- 
2404 (low-cost miniature FO receiver) and a Motorola 
MC10H116 (ECL receiver) to convert light pulses from the 
fiber into electrical signals at Attachment Unit Interface 
(AUD levels. These signals are then sent to the LXT902 TP 
inputs. (The LXT902 will not trigger on a signal <1 MHz.) 


For low-light level detection, the receive signal is converted 
to the TTL level. The TTL signal is routed through a high- 
pass filter into an idle detection circuit clocked at 200 kHz. 
If no signal transitions are detected, a low light level signal 
is asserted and the LXT9072 is forced into the high impedance 
state. It remains in the high impedance state until the link is 
reactivated. 


Fiber Optic Transmitter 

The Fiber Optic transmitter uses a Hewlett Packard HFBR- 
1404 (low-cost miniature FO transmitter) and a Signetics » 
74F3037 (30 ohm driver) for the fiberinterface. The 20 MHz 
clock is divided down to 1 MHz to provide the idle signal. 
Two D flip-flops detect activity in the LXT902 TP output. 
When the LXT902 TP signal is idle, a MUX switches the 
transmit signal to provide a 1 MHz idle signal to the fiber. 
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Figure 2: Application Schematic 







Refer to Figure 3 for Fiber Input Port Schematic 
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Refer to Figure 4 for Fiber Output Port Schematic — 
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Figure 3: Fiber Input Port Schematic 
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LXT902 FOIRL Application 


Implementation 

The FOIRL/Ethernet Adapter Board was built as an exten- 
sion of the Level One LDB902 Demo Board. It was tested 
with 100 feet of 62.5/125 micron fiber, using SMA connec- 
tors. The board was tested on a five-station LAN network, 
using two different hubs and two different FOIRL transceiv- 
ers. If space is an issue, a PAL can be used to implement the 
logic functions. 


References 
Additional information is available in the following docu- 
ments: 


Level One LXT902 data sheet 

¢ Level One LDB902 data sheet 

Level One Application Note AN-22 

National Semiconductor DP8392 data sheet 
Signetics 74F3037 data sheet 

Hewlett Packard HFBR-1404 data sheet 

Hewlett Packard HFBR-2404 data sheet 

Hewlett Packard Optoelectronics Designer’s Catalog 
Hewlett Packard Application Bulletin 78 
Hewlett Packard Tech Brief 73 

ANSI/EEE Std 802.3b,c,d, ande - 1989 Edition 
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LXT902 FOIRL Application 


| Table 1: Application Parts List 


shit Description TT Symbol | Description 


RI 12.4 KO 1% 
R2 3kQ 









- R6.R7,R12,R13,R14,R15 1kQ ae | T4HC74 
| R8,R9,R10,R11,R16,R22. 5100 7 T4F00 





















R17 10.Q | 74HC390 
U7 __74F3037 
a ee 
R26 209 aaa eee 
R27 160.2 
a re eee eee Green LED 
__D6 IND I6 
C7,C8,C9,C12,C13,C14, 0.1 uF _ JD2 | | HFBR 1404 
~C17,C21 | | — JP1 Jumper 


C15,C16 4.7 UF Q1,Q2. 2N3906 
C19 7 680 pF | S1 SIMS5 - 


C20 | 100 pF | Tl Z90 
X1 20 MHz 
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LXT906 FOIRL Application 





Lome Cost FOIRL/E thernet Media Conversion: 


LX ave s enero 





The Fiber nee eee Link (FOIRL) described in 
the IEEE 802.3 standard can be used to interconnect two 


LAN Ethernet (10Base2 or 10Base5) segments. FOIRL 
provides a standard for connecting two Ethernet repeater 
units. It is suitable for interconnection of 10Base2 (thin 
coax) or 10BaseS (thick coax) LAN segments located in 
different buildings. The length of the fiber link between 
LAN segments is limited to 1 km. 


This application note describes a very cost-effective FOIRL- 
to-Ethernet adapter board which can be used as shown in 
Figure 1. Built around the new Level One LXT906 LAN 
Adapter used as a repeater, this adapter uses the National 
Semiconductor DP8392 as a coaxial Ethernet transceiver, 
and other components for the Fiber Optic receive/transmit 
functions. 





¢ Fiber Optic Signal Reception & Transmission 
e Coaxial Ethernet Reception and Transmission 
¢« Low Light Level Signal Detection 
¢ Fiber Optic Idle Signal Generation 


¢ Collision Detection and Propagation 


e Diagnostic LEDs 
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ae Description 
Fiber Soole Receiver 
The Fiber Optic receiver uses a Hewlett Packard HFBR- 


2404 (low-cost miniature FO receiver) and a Motorola 


MC10H116 (ECL receiver) to convert the on-off fiber | 
signals back into electrical signals at Attachment Unit Inter- 
face (AUD) levels. These signals are then sent to the LXT906 


_Twisted-Pair (TP) inputs. (The LXT906 will not trigger on 
a signal <1 MHz.) 


For low-light level detection, the receive signal is converted 
to TTL levels. The TTL signal goes through a high-pass 
filter to drive an open drain buffer that discharges an RC 
circuit. If no on-off signal transitions are detected, low light 
indicator D2 is turned off and the LXT906 is forced into the 
reset state (code 000 at pins TSTO, TST1 and TST2). It 
remains in the reset state until the link is reactivated. 


Fiber Optic Transmitter | 

The Fiber Optic transmitter uses a Hewlett Packard HFBR- 
1404 (low-cost miniature FO transmitter) and a Signetics 
74F3037 (30 ohm driver) for the fiberinterface. The 20 MHz 
clock is divided down to 1 MHz to provide the idle signal. 
An RC circuit and an open drain buffer detect activity in the 
LXT906 TP output. When the LXT906 TP signal is idle, a 
MUX switches the transmit signal to provide a 1 MHz idle 
signal to the fiber. 
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Figure 2: Application Schematic 
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Refer to Figure 3 for 
detailed Fiber Port schematic. Vow light: force 600 € cease) 
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Fiber Port Schematic 
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LXT906 FOIRL Application 


- Table 1 
Symbol 


aplication Parts List 
Description 


















ao 
a 
>. 
rr 


Integrated Components 

AN7809 
—  AN7805 

LXT906 
DP8392 

| 74HC390 
74HC14 
74F3037/ Signetics 
MC10H116 
74HC74 
74HC05 
74HCO00 | 


ow) 


cc 
Wy nN 


COD INI nj) 


eS 
\o 








U10 
U11 2 


Capacitive & Inductive Components 


C1,C2,C3,C4,C5,C6, 0.1 UF 
C10, C11,C14,C15 

C17 100 pF 

C18,C19,C20,C21,C24, 0.1 LF 
~ €25,C26,C30 


100 pF 
0.01 UF 


| 4.7 UF 
120 pF 


€22,C23 
C27,C32 
C28,C29 
C31 


—_ 


Inductive Components 


L1,L2 2.7nH 


implementation , 

The FOIRL/Ethernet Adapter Board was built as an exten- 
sion of the Level One LDB906 Demo Board. It was tested 
with 100 feet of 62.5/125 micron fiber, using SMA connec- 
tors. The board was tested on a five-station LAN network, 
using two different hubs and two different FOIRL transceiv- 
ers. If space is an issue, a PAL can be used to implement the 
logic functions. 
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Symbol Description 


Timer ism 
YO 
SNR CIORA TATE: 


References 

Additional information is available in the following documents: 
Level One LXT906 data sheet 

Level One LDB906 data sheet 

Level One LXT902 Application Note AN-24 
National Semiconductor DP8392 data sheet 
Signetics 74F3037 data sheet 

Hewlett Packard HFBR-1404 data sheet 

Hewlett Packard HFBR-2404 data sheet 

Hewlett Packard Optoelectronics Designer’s Catalog 
Hewlett Packard Application Bulletin 78 

Hewlett Packard Tech Brief 73 

ANSI/IEEE Std 802.3b,c,d, and e - 1989 Edition 
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Transformer Specifications 
for Level One Transceiver Applications 




















Dielectric 
Breakdown 


Frequency 
(kHz) 


















1544 / 2048 


1544 / 2048 


LXT304A 
LXT305A 


1544 / 2048 


1544 / 2048 
1544 / 2048 


1544 / 2048 


LXT312/15 
LXT313/16 | 1544 / 2048 
Rx | 
LXT312/15 
LXT313/16 


1:1CT:3 CT] 1000 Pri 
Tx 
LXT400 2.4 to 72 Le 700 Pri 22 - 43 Pri 350 
Rx & Tx | 


1544 / 2048 









15.0 Pri 
15.0 Sec 
(+ 1 Q) 
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Transformer Specifications 


Transceiver Application Part Number 






































LXT300/301 Tx PE-64931, PE-64951 Pulse Engineering 

LXT304A/5A 67112060, 67115100 Schott Corp. 

LXT305 0553-5006-IC Bell Fuse 
671-5832 Midcom 
6500-07-011 Nova Magnetics — 


FE 8006-55, 8006-85 
0553-5006-IC 


Fil-Mag | 





LXT310/318 Bell Fuse 


66Z1308 Fil-Mag 
671-5832 Midcom 

— 65351, 65771 Pulse Engineering 
67127370 and 67130850 Schott Corp. 
TD61-1205G and TD67-1205G HALO 


(combo Tx/Rx) 


LXT310/318 FE 8006-155 
671-5792 
64936 and 65778 





Fil-Mag 
Midcom 
Pulse Engineering 


67130840 and 67109510 
TD61-1205G and TD67- 1205G 
conve Tx/Rx) 


LXT312/315 12535 | Schott Corp. | 
FE 8006-175 | Fil-Mag | 

LXT312/315 10951 Schott Corp. 
FE 8006-155 | Fil-Mag 


Schott Corp. 
HALO > 


































LXT901 23Z128, 23Z128SM_ Fil-Mag 
PT4069, SM4069 Valor 
PE65994, PE65745 Pulse Engineering 
5553-0716, A553-0716 Bell Fuse 





TD42-2006Q, TG42-2006WHI1 HALO Electronics 


















LXT901 23Z90, 23Z90SM Fil-Mag 
LXT902 LT6030, SM6030 Valor 
LXT914 PE64502 — Pulse Engineering 


TDO1-0756K, TG0O1-0756W HALO Electronics 
























LXT902 78Z1122B-01, 78Z1122D-01 Fil-Mag 
LXT903 PT3877 Valor 
LXT906 PE65421 Pulse Engineering 


FD02-101G, FD12-101G HALO Electronics 










































LXT914 TP ~ A553-5999-01 Bel Fuse 
Tx 232339, 23Z339SM Fil-Mag 
TDS5S4-1006L1 HALO Electronics 
5977 Nanopulse . 
6038 PCA 
PE68008 Pulse Engineering 
PT34116 Valor 
LXT914 A553-5999-00 Bel Fuse 
23Z338, 23Z338SM Fil-Mag 
TDO1-1006L1 HALO Electronics 
5976 Nanopulse 
6037 PCA 
PE68007 Pulse Engineering 
PT34117 Valor 
(LEVEL 
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Quartz Crystal Specifications 





The Level One LXT300, LXT305, LXT304A, 
LXT305A, LXT310, and LXT318 transceivers 
require quartz crystals as companion devices. For 
the convenience of our customers, Level One buys 
crystals in volume from a qualified vendor, stocks 
them and resells them at reasonable prices in 
conjunction with Level One transceivers. 


The LXC6176 is used in T1 applications and the 
LXC8192 is used in El applications. Specifica- 
tions for the LXC6176 and LXC8192 crystals are 
listed below. 


Level One has evaluated and qualified several 
crystal vendors for the benefit and convenience of 
our customers. We believe customers prefer to 
have multiple approved sources. Quartz crystals 
qualified for use with Level One transceivers are 
listed on the next page. We suggest that customers 
establish relations with one or more of these ap- 
proved crystal suppliers and buy direct. 








Frequency Stability +20 ppm @ 25° C 








(Ref 25° C reading) 










Pullability 


Maximum drive level 2.0 mW 





Mode of operation Fundamental 





Crystal holder 





(LEVEL 


ONE © 





+ 25 ppm from -40° C to + 85° C 


CL = 11.7 - 19.0 pF, +AF = 175 - 250 ppm 
CL = 19 - 34 pF, -AF = 175 - 250 ppm 


Ee 








HC49 (R3W), C, = 7 pF maximum 
C,, = 22 fF typical 





+20 ppm @ 25°C 
+ 25 ppm from -40° C to + 85° C 
(Ref 25° C reading) 





CL = 11.7 - 19.0 pF, +AF = 95 - 140 ppm 
CL = 19 - 34 pF, -AF=95 - 140 ppm 





2.0 mW 





Fundamental 






HC49 (R3W), C, =7 pF maximum 
C,, = 13 fF typical 
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Quartz Crystal Specifications 


Qualified Quartz Crystals - 


Manufacturer Part Number ‘Frequency — 








M-Tron | 3808-010 / 4144-002 6.176 MHz © 
M-Tron _ 3808-020 / 4144-001 — 8.192 MHz 
Monitor Products MSC-1311-01B-6.176 6.176 MHz 
Monitor Products _MSC-1311-01B-8.192 8.192 MHz 
CTS Knights - 6176-180 | 6.176 MHz 


CTS Knights 8192-100 8.192 MHz 
Valpey Fisher | VF49A 16FN1-6.176 6.176 MHz 
Valpey Fisher | VF49A16FN1-8.192 8.192 MHz 
US Crystal U18-18-6176SP 6.176 MHz 
US Crystal | U18-18-8192SP 8.192 MHz 
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LDB901 Evaluation/Demonstration Board for the LXT901 


February 1994 





LDB901 Evaluation/Demonstration Board for the 
LXT901 Universal Ethernet Interface Adapter (Internal MAU) 






The LDB901 is a full-featured 10Base-T PLS/ 


MAU evaluation and demonstration board. It 


includes the LXT901 Universal Ethernet Interface 
Adapter and all required support components. An 
RJ45 connector provides the twisted-pair inter- 
face. The coax line interface is provided through 
a 15-pin D connector. The board provides a 
complete set of LED status indicators. 


Movable jumpers allow operator control of select- 
able functions. Test points provide access to I/O 
signals. 


This document provides board layout and sche- 
matic diagrams (Figures 1 and2), acomplete parts 
list, demo board specifications and a variety of 
oscilloscope photographs. 
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Table 1: Controller Compatibility Mode Options © 










To Select This Mode: Set These Levels: | 
| MD1 MDO RLD TPIN 
: : LI _TPIP 
‘ble with | JAB UTP 
Mode 1 (Compatible with Advanced TEST TPONB 
Micro Devices AM7990 controllers) TCLK TPONA 
Mode 2 (Compatible with Intel. ( Leer pee 
82586 controllers) | CLKO TPOPA 
‘ , = , CLKI TPOPB 
_ | Mode 3 (Compatible with Fujitsu ae 0 | COL PLR | 
MB86950 and MB86960 controllers). | AUTOSEL RJAB 
8 19 20 2 





Mode 4 (Compatible with National 1 1 





7 | cZAQ¥ 5 oR ORY 
Semiconductor 8390 controllers) oO uaoIze sae 
Jes Oro ea 
Q fo a 
Table 2: LDB901 Parts List 4 






Symbol Description 


Integrated Components 


Sc 


ON} O&O | — 


74HCO0S5 
Bel A553-0716 Transformer ' 
Bel A553-0756 Transformer ” 


Se 





Capacitive Components 
C1, C2, C9, C10 | 
C3, C7, C8 

C4,C5,C6 ? 

Resistive Components. 
R1, R2 

R3, R6 

R4-R5 | 


0.1 uF 
10uF 
18 pF 





502, 1% 
75 Q, 1% 
37.5 Q, 1% © 
12.4 kQ, 1% 
78 Q1%7Q 
| 9-Resistor, 330 Q Network 
Connectors, Cables and Miscellaneous Components 
—J5-JllandJ14-J20 Test Points 
~ U8 - U15 and U17 ; Movable Jumpers _ 
LED, Green 


R8, RY, R10 


e 


No ~] 


wo) 








D2 - D6 LED, Red | 
D7 - D9 _ LED, Amber | 
U4 | RJ45 Connector 





Sc 


* 
peed 1, — 
w 





_ D-Connector 
Custom 24-pin Ribbon Cable (VCC & GND Crossed) 
Crystal, 20 MHz 


JNSAMD 











1; In addition to the Bell Fuse transformer installed, suitable TP transformers are also produced by Fil-Mag (23Z128 and 
~  §M23Z128), Valor (PT4069 and SM4069) and Pulse Engineering (PE65994 and PE65745). 
2: In addition to the Bell Fuse transformer installed, suitable AUI transformers are also produced by Fil-Mag (23Z90 and 
_ §M23Z90), Valor (LT6030 and SM6030) and Pulse Engineering (PE64502). . | 
3: Crystal X1 and loading capacitors C4 and C5 are not installed. The 20MHz clock is supplied through the ribbon cable to | 
LXT901 (U7) CLKI. If an external clock is not available, these components may be installed in the positions marked. 
CaN 
® 
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Figure 2: Schematic Diagram of the LDB901 Evaluation / Demonstration Board 
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On 
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GND yep Hd E@! Tein 
R1 509 1% ee U4 
eal ea act ea ey ke 
Yt rs re s0a1% YS = ry 
i TPONB Oley 
a | ty R3 75.2 1% O1z5 
- 
LXT901 a Olne 
uu 
z 
Peis Bl sio | FA 37521% S, < 
encores jo | TPOPA FS 37.501% Os 
TPOPB Of} = 
ial 2 


R6 752 1% 


cé6 
T 18 pF 





Jumpers shown in 
standard configuration - 
U8 through U15 tied high, 
U17 not installed. . 


[ 
c 






Crystal X1 and capacitors 

ZL C4 and C5 not installed. 
Clock is provided through 
Ribbon Cable pin 8 to CLKI 
of U7. If extemal clock is 
not available, crystal and 
loading capacitors may be 
installed in shadowed 
positions. 






Ri R2 AS R4 RS AE R7 RB RO 


JNSAMD 


+12V. 


} 2110987654321 | 94-Pin Custom 
[13 14.15 16 17 18 10 20 21 22 20 4 | Ribbon Cable to 


cers Controller 


+5V 
C8 C7 
0.1 pF 0.1 uF 





Jopoova/Avvvv00000) }ovvNjOpy7AvvDvDDD0NGD0N9 


Card-Edge Connector to AT Bus 
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Table 3: LED Status Indicator Assignments 


Transmitters activ 
[pe-Rea | CoL/Cotision | Collision detected 





















Remote signaling compatibility 
Remote ink fal 
D9 - Amber Remote device in Jabber mode 


Table 4: Mode Control Jumper Assignments 


U8 | 


_ UTP Set high (UTP = 1) to select 100 Q termination for unshielded | 



















TP Termination Select | TP. Setlow(UTP=0) to select 150 Q termination for shielded 
TP. | 


















PAUI 
Port/AUI Select 


In Manual Port Select mode (AUTOSEL = 0), PAUI selects 
the active port. Set high (PAUI= 1) to select the AUI port. Set 
low (PAUI=0) to select the TP port. In Auto Port Select mode 
(AUTOSEL = 1), PAUI is ignored. 













Set high (NTH = 1) to select the normal TP squelch threshold. 
Set low (NTH = 0) to reduce the normal TP squelch threshold 
by 4.5 dB. | | 7 7 


NTH 
Normal Threshold 















MD0 / Mode Select 0 Select controller compatibility modes in accordance with 
MD1 / Mode Select 1 Table 1. 


| ULB Li | Set high (LI = 1) to enable Link Integrity Test function. 
Link Integrity | Set low (LI = 0) to disable Link Integrity Test function. 
TEST / Test Leave this pin floating or connect it to VCC. | 
U15 


AUTOSEL Set high (AUTOSEL = 1) to enable automatic port 
Automatic Port Select | selection. (When auto selection is enabled, the 901 defaults to 
the TP port unless the Link Integrity Test fails.) Set low to 
enable manual port selection with PAUI jumper. 






















When left open, normal operation is enabled. When this 
jumper is inserted (PDN = 0) the LXT901 powers down. 
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U7 | PDN 
Power Down 
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Table 5: RJ45 Twisted-Pair Connector U4 Pin Assignments 


|} Symbol | Name / Description 


TPOP TP Data Out Positive 
7 TPON TP Data Out Negative 






C 
a 

7 
[8 [| NC | __Noconnection 


[Dem [Symbot [Name Besenion 
g | DOP _—s|_~——s AUT DataOutPositive Cid 
AUI Data In Positive | 
| 6 | GND | Power Supply ground return, tied to J11_ 
| NC | ~—Noconnection 
| 8 | NC | ~~ Noconnecton — ——‘“‘C;S™S*:SCSCsS 
| 9 hf SC CIN | Collision In Negative 


| 
TPIP TP Data In Positive 
el | 




























Name / Description 
Collision output to controller 
Receive Data output to controller 










Carrier Detect output to controller 


| 





PaOr canes i 

i 

| 8 CLT | Tied to 20MHz crystal oscillator 
i | 

| 






Transmit Enable input from controller 
! 
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Oscilloscope Photographs 


As shown in Figures 3 through 8, the LXT901 
fully meets all requirements of the 10Base-T 
specification. Figures 9 through 11 illustrate com- 
patibility with various controllers. Figures 12 


through 21 compare jitter measurements of the © 


LXT901 and LXT902 before and after the twisted- 
pair line model. 


Transmit Harmonics 

Figure 3 is a spectrum analysis dispiay of the 
LXT901 operating in the Transmit All Ones 
(TAOS) mode. All harmonics are at least 35 dB 
_ below the fundamental frequency. 


Figure 3: Spectrum Analysis in TAOS Mode 


ee 38 Bw WER. wars ww 
aA3Z 
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Figure 4A: Random Data after the 100 Q Line 
Model (Waveform template and Jitter spec.) 


Wim1 Wfm2 


Main Pos= 42.7 div 


C2 Size/div= 334 mV 


6-6. 








Random Data 
Figures 4A and 4B show waveforms produced by 


512 bits of random data after transmission through 


simulated 10Base-T line models. The figures also 
show the 10Base-T waveform template and jitter 
specifications superimposed over the measured 
waveform. 


TP Idle Pulse 

Figures 5A and 5B show the TP Idle pulse with the 
Start of TP_Idle template. Figure 5A was 
measured at the TP outputs of the RJ45 connector. 
Figure 5B shows the pulse measured after the 
10Base-T line model. 


Link Test Pulse 

Figures 6A and 6B show the Link Test pulse with 
the Link Test template. Figure 6A was obtained at 
the TP outputs of the RJ45 connector, and Figure 
6B shows the pulse measured after the 10Base-T 


~ Jine model. 


AUI Pulse Waveform 
Figure 7 shows the DI signal waveform, measured 
at the AUI interface. 


End Of Frame 
Figure 8 shows the End Of Frame (EOF) pulse 
measured at the DI input to the LXT901. 


Figure 4B: Random Data after the 150 Q Line 
Model (Waveform template and Jitter spec.) 


Wim1 Wfm2 


L1 i) ize/div= 334 mV 


~ Main Pos= - SBIGLome lh, 
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Figure 5A: TP idle Pulse before Line Model with Figure 5B: TP Idle Pulse after Line Model with 
Test Load Test Load | 


Wfm 1 


Period+ 412.054064 ns Period= 437.212373 ns Frea= 2.2872180 MHz 
C4 Sizeldiv=1.00V___ Diy'g Pos 0.29 diy _| Did Pos= 0.29 di 





Figure 6A: Link Test Pulse before Line Model Figure 6B: Link Test Pulse after Line Model | 





PAD Ae i 


| | a Freq= 97.667978 Hz » Period= 10.2399043 1s? Freq= 97.656 
| | Main Pos= 48.5 





Figure 7: Di (AUI) Rise time < 5 ns with Test Figure 8: End Of Frame Pulse 
Load (Transformer Coupling) 
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LXT901 / Controller Compatibility | For each pair of oscilloscope photos, figure A 
shows SOF alignment and figure B shows EOF 

Figures 9, 10 and 11 are oscilloscope photographs —_ alignment. | 

showing start-of-frame (SOF) and end-of-frame | | 

(EOF) signals for Modes 2, 3 and 4, respectively. | Figures 9A and 9B show Mode 2 frame alignment | 


(Mode 1 is similar to Mode 4.) Signals. Mode 2 is compatible with Intel 82586 
Each figure shows: controllers. | ? 
| _TPI (Twisted-Pair Input), | 
RXD (Received Data Output), Figures 10A and 10B show Mode 3 frame align- 
RCLK (Recovered Clock) and | ment signals. Mode 3 is compatible with Fujitsu 
CD (Carrier Detect). MB86950 and 86960 controllers. | 
Figure 9A: Mode 2 Start of Frame Figure 9B: Mode 2 End of Frame 


TPI 


RXD 


RCLK 


CD 





(Mode 2 : Compatible with Intel Corporation 82586 controllers.) 


Figure 10A: Mode 3 Start of Frame Figure 10B: Mode 3 End of Frame 


TPI 


~RXD- 


RCLK 


CD 





(Mode 3 : Compatible with Fujitsu MB86950 and 86960 controllers.) 
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(Controller compatibility Mode 1, compatible 
with Advanced Micro Devices AM7990 
controllers, is similar.) 


Figures 11A and 11B show Mode 4 frame 
alignment signals. Mode 4 is compatible with 
National Semiconductor NS8390 controllers. 


Figure 11B: Mode 4 End of Frame 


Figure 11A: Mode 4 Start of Frame 


TPI 


RXD 


RCLK 


CD 





(Mode 4 : Compatible with National Semiconductor NS8390 controllers. 
Mode 1, compatible with Advanced Micro Devices AM7990 controllers, is similar.) 





LXT901 / LXT902 Jitter Comparisons 


Figures 12 through 21 are jitter performance com- 
parisons of the LXT901 internal MAU and the 
LXT902 external MAU. Each pair of oscilloscope 
photographs shows the LXT901 on the left and the 
LXT902 on the right. The first six photos (Figures 
12 through 17) show Q line length measurements. 
The remaining four photos (Figures 18 through 
21) show measurements taken after the 1OBase-T 
line model. Tables 8 and 9 list the applicable 802.3 


Table 8: LXT901 Jitter Specs and Measurements 


802.3 Spec LXT901 
Internal MAU | Measurement 


Random Data 
0 line length + 10.0 ns + 6.4 ns 






@LEVEL 
CONE ® 





specifications for the LXT901 and LXT902, re- 
spectively, and the actual oscilloscope measure- 
ments. 


0 Line Length Measurements 


Preamble 

Figures 12 and 13 show preamble output jitter. 
The 10Base-T specification is + 8 ns. The 
LXT901 output jitter (Figure 12)is+ 1.4 ns. The 
LXT902 output jitter (Figure 13) is + 3 ns. 


Table 9: LXT902 Jitter Specs and Measurements | 


802.3 Spec LXT902 
External MAU | Measurement 


Random Data 
0 line length + 8.0 ns + 6.6 ns 
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Random Data 


Figures 14 through 17 show random data output 


jitter. The 10Base-T specification for Internal 


MAUs (LXT901) is + 10 ns. With a Rising Edge 
Trigger (Figure 14), the LXT901 output jitter is 
+ 6.4ns. Witha Falling Edge Trigger (Figure 16), 
the LXT901 output jitter is + 6.0 ns. The 10Base- 
T specification for External MAUs (LXT902) is 
+8ns. With a Rising Edge Trigger (Figure 15), 
the LX T9072 output jitter ist 6.6ns. With a Falling 
Edge Trigger (Figure 17), the LXT902 output 
jitter is + Ons. 


Line Model Measurements 


Figures 18 through 21 show random data output 
jitter after the line model. The 10Base-T specifi- 
cation for an internal MAU (LXT901) is + 5.5 ns. 


With a Rising Edge Trigger (Figure 18), the 


LXT901 output jitter is + 3.2 ns. With a Falling 
Edge Trigger (Figure 20), the LXT901 output 
jitter ist 3.4ns. The 10Base-T specification for an 
external MAU (LXT902) is 3.5 ns. With a 
Rising Edge Trigger (Figure 19), the LXT902 
output jitter is + 3.5 ns. With a Falling Edge 
Trigger (Figure 21), the LXT902 output jitter is 
+ 3.2 ns. 





Figure 12: LXT901 Preamble Output Jitter 
(0 Line Length) 





Figure 1 4: LXT901 Random Data Output Jitter 
(0 Line Length - Rising Edge Trigger) 





Figure 13: LXT902 Preamble Output Jitter 
| (0 Line Length) | 





Figure 15: LXT902 Random Data Output Jitter 
(0 Line Length - Rising Edge Trigger) 
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Figure 16: LXT901 Random Data Output Jitter Figure 17: LXT902 Random Data Output Jitter 
(0 Line Length - Falling Edge Trigger) 7 (0 Line Length - Falling Edge Trigger) 


Figure 18: LXT 901 Random Data Output Jitter Figure 19: LXT902 Random Data Output Jitter 
(After Line Model - Rising Edge Trigger) (After Line Model - Rising Edge Trigger) 





Figure 20: LXT901 Random Data Output Jitter Figure 21: LXT902 Random Data Output Jitter 
(After Line Model - Falling Edge Trigger) (After Line Model - Falling Edge Trigger) 
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NOTES: _ 
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LDB902 Evaluation/Demonstration Board 
sl sind iu ea 1OBase-T Media sckewicslabienlad Unit 





The ‘LDB902 i is a > full feature 10Base- ° Mess or exceeds IEEE 802.3 sandals 
MAU evaluation/demonstration board. I for 10Base-T interface 

includes the LXT902 Ethernet Twisted es 

Media Attachment Unit and all required « Socketed LXT902 (PLCC) 

support components. 


¢ All required components for complete 


The board provides LED status lights for evaluation 


Link, Jabber, Receive, Transmit, Collision 
and Polarity Reverse. Control switches are 
provided for Mode 0, Mode 1, SQE test 
enable, link test enable and_ polarity 
correction enable. A 15-pin D connector 
provides the AUI side interface and an RJ45 
jack connects the MAU to the twisted-pair °* Transmit and receive filters. 
line. 


¢ Control of all LXT902 modes 


¢ LED status indicators 








b O 
: 5.2 
< oO oJ > ol 
228 8 & 2 
@ ® ® ® ® @® 
- Tx 
ae Filter be fot 
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Table 1: LDB902 Parts List (See Figure 8 for complete schematic) 


| symbol | (escription 
[XT902 (in 28-pin soeked 
7805CT , 5V voltage regulator 

| Fil-Mag 23Z90 (in 16-pin socket) 


| =o T3):*~<“<«~*‘i;#*#*S«*YCS ORM 23281, 14-pin DIP, dual choke 
Fil-Mag 78Z1120B, or Valor PT3877 filter 
78.7.2, 1% 

39.2.0, 1% 

12.4KQ, 1% 

41.5.Q, 1% 


~~ RIO-RI1 —49.9Q, 1% 


RP2 | 5-Resistor, 22 kQ network 


_ . Capacitive Components 


zo 
“Tu. tantalum 
01 uF 
033 uF tantalum 
LF 

LF 

0 uF 


Miniature green LED 
(xt 20 Mie 1%) erst 
fF o6n™~*~*~—<‘(itssSSSsY 8 -possition, 8-circuit modular RJ45 jack 
15-pin male D-connector = 








Note 1. Ceramic resonator can be used in place of crystal in customer applications. 
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Functional Description 


The LDB902 Evaluation/Demonstration Board interfaces 
the Attachment Unit Interface (AUD) to the unshielded 
twisted-pair cables, transferring data in both directions. 


AUI Interface 
The AUI side of the interface comprises three circuits: Data 


Output (DO), Data Input (DI) and Control Interface (CI). A’ 


15-pin male D-connector (J2) provides the interface to the 
AUI cable. As shown in Figure 1, termination resistors are 
provided for CIP/CIN, DIP/DIN and DOP/DON. A trans- 
former isolates the LXT902 from the AUI connector. The 
connector shields are shorted together. The shields and the 
connector shell are connected to ground through a high- 
voltage capacitor. Pin assignments for the D-connector are 
listed in Table 2. 


Twisted-Pair Interface 

The twisted pair network side of the interface comprises two 
circuits: Twisted Pair Input (TPI) and Twisted Pair Output 
(TPO). An RJ45 jack (J1) provides the interface to the 
twisted-pair line. As shown in Figure 1, the LXT902 is 


Table 2: D-Connector J2 Pin Assignments 





DO-A 
DO-B 
DO-S 
DI-A 


DI-S 


CO-S 
CI-A 
CI-B 
CI-S 





a a | 
cp |S tatnstield 
rt soa 


connected to the RJ45 jack through transmit and receive 
filters and the data line filter (a choke). Pin assignments for 
the RJ45 jack are listed in Table 3. 


Control and Status Circuits 

In addition to the AUI and twisted-pair interfaces, the 
LDB902 provides a complete set of mode control switches 
(switch assembly $1) and LED status indicators (L1 - L6). 
Each of the five mode control switches is connected to a pull- 
up resistor and can be shorted to ground. Switch assign- 
ments and settings are listed in Table 4. 


Status indications are provided by the six on-board LEDs. 
Although 10 mA LEDs are provided on the demo board, the 
LXT902 is also directly compatible with high efficiency 
2 mA LEDs which can be used for reduced power consump- 
tion. LED assignments and functions are listed in Table 5. 


Power Supply 
The LDB902 requires a 12 - 15 volt input on pin 13 of the D- 
connector. On-board + 5 V voltage regulation is provided by 


voltage regulator U2. U2 may require aheat sink, depending 


on application. 













Data Out shield 


No connection 


Collision In shield 







poe shield 
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Table 3: RJ45 Connector J1 Pin Assignments 











[pescrntion id: 
Data In positive 
No connection 
| RD 
C 
NC | 





No Connection No connection 


TPIN-filter Data In negative 


| NC No Connection No connection 















= 
7 | | ON | ON | 10BT compliant MAU 
] | ON | OFF | Reduce squelch (3 dB) 
2 MD1 Mode select 1 OFF} ON | Half current AUI driver 
OFF | OFF | DO, DI & CI ports disabled 
ON = Disable, OFF = Enable 


Signal quality test enable ON = Disable, OFF = Enable 
( heart beat) 


Polarity correction enable ON = Disable, OFF = Enable 
ON = LEDPindicates serial status 


OFF = LEDP indicates polarity 
reverse 


Green Link Integrity Link is active 


| Red | _ Saber 






a9228 
32526 













Receive Receive is active — 
Transmit Transmit is active | 
| Polarity Polarity is reversed! | 


Collision | Collision is active 


» 


Note 1: When S1 Switch STAT is set to ON, the Polarity LED becomes a blinking status indicator. | 
Refer to the LXT902 Data Sheet for additional information on the status indications. —— 
® 
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LDB902 Evaliuation/Demonstration Board for the LXT902 


Test Measurements 


The LDB902 Evaluation/Demonstration Board provides 
access to all signals and waveforms required to fully evalu- 
ate the LXT902. A variety of measurements are included 
here for comparison purposes. As shown in the scope 
photographs (Figures 2 through 7), the LXT902 fully meets 
all requirements of the 10Base-T specification. 


Transmit Harmonics 


Figure 2 is a spectrum analysis display of the LXT902 
operating in the Transmit All Ones (TAOS) mode. The 
second and third harmonics, noted on the photo, are at least 
35 dB below the fundamental frequency. 


Figure 2: Transmit All One's - All harmonics are at least -35 dB from fundamental 
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LDB902 Evaluation/Demonstration Board for the LXT902 


Random Data 


Figures 3A and 3B show 512 bits random data waveforms, 
before and after the line model. Figure 3A shows the 


waveform at the TP output of the RJ45 connector. Figure 3B 


Figure 3A: Random Data before the Line Model 





shows the waveform after transmission through a simulated 
10Base-T line model. Figure 3B also shows the 10Base-T 
waveform template and jitter specifications superimposed 
over the measured waveform. 


dere racer ee ee es rarer) 


Freq= 7.2940041 MHz (Period= 137.0838735 ns 
jMain Time/div= 15.0 ns 


Figure 3B: Random Data after the Line Model 
(Waveform template and Jitter spec.) 





TP Idle Pulse 


Figures 4A and 4B show the TP Idle pulse. Figure 4A was 


N= 1.00 us 
D= 100 ns 


'Freq= 2.3404229 MH 


Vert Pos= 0 div Dly'd Pos= -1.89 div 


Figure 4A: TP Idle Pulse before Line Model with 
Test Load : 
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measured at the TP outputs of the RJ45 connector. Figure 4B 
shows the pulse measured after the 10Base-T line model. 


ED Wm 1: 


Freq= 2.2872180 MHz 


Vert Pos= -4.00div_ ___s—ODiy'd Pos= 0.13 div 


Figure 4B: TP Idle Pulse after Line Model with 
Test Load 
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LDB902 Evaluation/Demonstration Board for the LXT902 


Link Test Pulse 


Figures 5A and 5B show the Link Test pulse. The top trace 
is the magnified waveform and the bottom trace is the 


“bL1,D1 Wtm 1 N= 2.00 us 


D= 100 ns 


a. 


Freq= 95.239315 KH7 sae DELO = 1040 A Oo bit 


ert Pos= 2.40 div Main Pos= 0.49 div 


Figure 5A: Link Test Pulse before Line Model 


Rise Time 
Figures 6A and 6B show the DI signal waveform, measured 
at the AUI interface. The top trace is the DI waveform 





Figure 6A: Di (AUI) Rise time < 5 ns with Test 
Load (Transformer Coupling) 


Q¢@ LEVEL 
CONE. 











original waveform. Figure 5A was obtained at the TP 
outputs of the RJ45 connector, and Figure 5B shows the 
pulse measured after the 10Base-T line model. 


Period= 10.49986545 us 


F req= 95.239316 kHz. 3 
Main Trig= 0.70 V 


Vert Pos= 0 div 


Figure 5B: Link Test Pulse after Line Model 


magnified for rise time measurement and the bottom trace is 
the DI signal without magnification. Figures 6A and 6B 
were obtained using transformer and capacitor coupling, 
respectively. | 


SS RRS eae 
¥e a gtetatatetetitatatetetat ately 


Reseeser SMO, » 
SEX RD AAA RADAR AAR RAS Z 


ser 447608277 ns 


Freq= 2.23409631 MHz Ne aS nes 


1 \Horizj= 222 MHz 


Figure 6B: DI (AUI) Rise time <5 ns with Test 
Load (Capacitor Coupling) - 
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LDB902 Evaluation/Demonstration Board for the LXT902 


End Of Frame 

Figures 7A and 7B show the End Of Frame (EOF) pulse 
measured at the DI input to the LXT902. The top trace is 
the magnification of the end of frame and the bottom trace 


Period= 437.212832 ns = 


L 1 Size/div= ele’, Delay1= 18.600 us 


Figure 7A: DI (AUI) End of Frame with Test Load | 


(Transformer Coupling) 


Demonstration Board Schematic 


Figure 8 is a schematic diagram of the LDB902 Evaluation/ 
Demonstration Board. 
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is the original waveform. Figure 7A was obtained using 
transformer coupling. Figure 1s was obtained with a 
capacitor coupling. 


V= 2.00 us 
Om nelenars 


~~ Period= 447.594275 ns | 
Délay1= 5.000 us 


| Freq= 2.2341662 MHz 
-L1 Size/div=1.00V__: 


Figure 7B: DI (AUI) End of Frame with Test Load 
(Capacitor Coupling) 
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Figure 8: LDB902 Schematic Diagram 
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LDB906 Demonstration Board 
for the LXT906 10Base-T to Coax Adapter 
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The LDB906 is an Ethernet twisted-pair to coax adapter §¢ Direct interface to Coax and Twisted-Pair network 
board. Itincludes the LXT906 adapter chip, a DP8392 coax segments 

transceiver, and all required support components. An exter- 

nal power supply is packaged with the board. ¢ RJ45 connector for 10Base T interface 


The LDB906 provides LED status lights for link, jabber, Male BNC for Coax interface | 
reversed polarity, twisted-pair receive and collision, and 
coax receive and collision. Control jumpers are provided for 


link test disable and for 25 Q termination on the coax side. 


Collision detection and propagation 


Jumper-selectable link test 
The LDB906 functions as a 2-port repeater connecting a 
10Base T network segment to a 10Base2 or 10Base5 seg- 
ment. It provides collision propagation and level translation. 


Jumper-selectable 25 Q termination for coax side 


¢ 12 V wall transformer power supply 
Coax Interface | , 


The board has a male BNC connector for the coax 
interface. The coax can be terminated with a 25 ohm 
resistor programmable with a jumper. This is useful 
when the LDB906 is used to connect an Ethernet 
adapter directly to a 1OBaseT network segment. When 
the LDB906 is used to interface to a coax segment 
which is already terminated, this jumper should not be 


On-board 5 V and 9 V voltage regulators 


Seven LEDs for the following indications: 


Name Color | When light is on: 

JAB (D2) Red Jabber is on 

LINK (D3) Green 10BaseT link is up 

PLR (D4) Red - 10BaseT polarity reversed 


used. TPRX (D5) Red 10BaseT receive active 
TPCX (D6) Amber  10BaseT collision active 

An NSC DP8392 coax transceiver is mounted on the CXCX (D7) Amber Coax collision active 

demo board, however, the LXT906 functions equally CXRX (D8) Red Coax receive active 


well with various other coax transceivers. Refer to the 
appropriate coax transceiver data sheet for correct 
implementation. 





10BaseT Interface 

An RJ45 jack and an integrated filter/transformer are 
provided for the twisted-pair interface. Suitable filters 
are supplied by FilMag, Valor, Pulse Engineering and 
Bell Fuse. The 10Base T Link test function is sup- 
ported on the board, but disabled when Link jumper 
JP2 is inserted. 


Power 

12 VDC power is provided via a power jack connected 
to a wall transformer supplied with the board. Two 
voltage regulators, U1 (9V) and U2 (SV), supply chip- 
level power for the board. 
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LDB906 Evaluation/Demonstration Board for the LXT906 


LDB906 Parts List 





Capacitive C Sere 

C7, C9 1 pF, tantalum — 

C8 0.33 WF, tantalum 

C12, C15 27 pF : 
1000 nF, 3 kV © 


Integrated Components 
Ul ~.  AN7809, 9V voltage regulator 
U2 | AN7805, 5V voltage regulator 
U3 DP8392, Coax transceiver 
U4 PT3877, filter/transformer 
U5 | | LXT906, TP - Coax Converter 
| Miscellaneous Components 
D1 IN916 
| D2, D4, DS, D8 Miniature red LED 
D3 a Miniature green LED 
D6, D7 Miniature amber LED 
X1 20 MHz (+ 1%) crystal! 
J1 RJ45 jack 3 
J2 male BNC connector 
J3 - power jack 
jumper 
12 V power supply 
(wall transformer, not shown) 


Resistive C is | 

R1 - R4 1.5kQ 

R5, R6 49.9 Q, 1% 

R7 - 1kQ, 1% 

R8 . | 24.9 Q, 1% 

R9 39.2 Q, 1% 

R10 | 12.4kQ, 1% 

R11, R12 47.5 Q, 1% 

Sl | 7-resistor, 330 Q network 


Saiatiiivet 
C1-C6, C10, C11, 0.1. UF 
C13, C16, C17 





Note 1. Ceramic resonator can be used in place of crystal. | 


LDB906 Schematic Diagram 
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Package Outlines and Ordering Information 


8 pin DIP 
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Package Outlines and Ordering Information 


16 pin SOP 
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Package Outlines and Ordering Information 





Fania 


24 pin DIP 


Dual In-Line Ceramic Case - 600 mil 


Pe 2900 | se | aa 
| 12.70 | 1520 | 
so | — | se | 
Se : 
o | o76 | 178 


| 2s4Bsc 
s | — | 2a 
s | 020 | 038 
3.18 
s | 1499 | 1590 
le fe 
poss | 152 


Dual In-Line Ceramic Case - 300 mil 


| Max | 
[32.77 


[584 
036 | 058 
ciara 
| 2sepsc 

2a 


Min 
0 | — 
| = | 162 | 
a 


= 

s | 020 | 038 
[sie | sos 
s | 737 | s26 | 
lee, 
poss | 152 


Dual In-Line Plastic Case - 600 mil 


A | [sar 
pe | so | coo | 1270] 1520 
iets a ie 6 
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Los | ons | 
| oss | ono 
| s00nsc 


| 036 | os 
076 | 178 


2.54 BSC 


C 
mae eee 
| 008 | ois | 020 | 038 
ix | us | 150 | sus | s21_ 


pe | 550 | 625 | 


14.99 | 15.90 





Dual In-Line Plastic Case - 300 mil 
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Package Outlines and Ordering Information 


28 and 40 pin DIP 









| _inches__| _Milimeters 
| Max | min | Max | 
| — | 140 | — | 378s 
| 500 | 600 | 1270] 1520 
| 230 | 
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Package Outlines and Ordering Information | 


28 and 44 pin PLCC 


28-pin Plastic Leaded Chip Carrier | 44-pin Plastic Leaded Chip Carrier 


leas prensa amos Millimeters 
an | Mex | on_ 


456 


Millimeters 
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Package Outlines and Ordering Information 


64 pin TQFP 


64-pin Thin Quad Flat Pack 





@LEVEL 
(ic ONE @ a 7-7 
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68 pin PLCC 
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Product ID: 3-5 alpha-numeric digits 


Product type: 
T = transceivers 

P = peripherals 

C = crystals 


Temperature Range: 


commercial range (0° to 70° C) 
industrial range (-25°to +85° C) 
extended range (-40°to +85° C) 
military specifications (-55° to +125° C) 


Package e: 


Plastic Dual In-line Package (DIP) 
Ceramic DIP 

Plastic Leaded Chip Carrier (PLCC) 
Thin Quad Flat Pack (TQFP) 

Quad Flat Pack (QFP) 


Plastic Small Outline Package (SOP) 
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105 Lake Forest Way . 
Folsom, California 95630 
Telephone: (916) 985-3670 
Fax: (916) 985-3512 





Alabama 

M Squared, Inc. 

1910 Sparkman Drive 
Huntsville, Alabama 35816 
Phone (205) 830-0498 

Fax (205) 837-7049 


Arizona 

Reptronix, Ltd. 

1661 E. Camelback Road, Suite 285 
Phoenix, Arizona 85016 
Telephone: (602) 230-2630 . 

Fax: (602) 230-7730 


Arkansas 

Mil-Rep Associates, Inc. 

1701 N. Greenville Ave., #1008 
Richardson, Texas 75081 
Telephone: (214) 644-6731 
Fax: (214) 644-8161 


California 

Trinity Technologies, Inc. 
1261 Oakmead Parkway 
Sunnyvale, California 94086 
Telephone: (408) 733-9000 
Fax: (408) 733-9970 
Northern California 
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First Rep 

143 Triunfo Canyon Rd., #222 
Westlake Village, California 91361 
Telephone: (805) 373-0887 

Fax: (805) 495-1317 

Southern California 

except San Diego 


S C Cubed, Inc. 

5060 Shoreham Place, #200 
San Diego, California 92122 
Telephone: (619) 458-5808 
Fax: (619) 458-5823 

San Diego 


Colorado | 
Thorson Rocky Mountain, Inc. 
7108 D South Alton Way, Suite A 
Englewood, CO 80112 
Telephone: (303) 773-6300 

Fax: (303) 773-6302 


Connecticut 

NRG Limited 

63 Duka Avenue 

Fairfield, CT 06430 
Telephone: (203) 384-1112 
Fax: (203) 335-2127 


Delaware 

Third Wave Solutions, Inc. 
8335H Guilford Road 
Columbia, Maryland 21046 
Telephone: (410) 290-5990 
Fax: (410) 381-5846 


District of Columbia 

Third Wave Solutions, Inc. 
8335H Guilford Road 
Columbia, Maryland 21046 
Telephone: (410) 290-5990 
Fax: (410) 381-5846 
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Florida 

EIR, Inc. 

1057 Maitland Center Commons 
Maitland, Florida 32751 
Telephone: (407) 660-9600 
Fax: (407) 660-9091 


Georgia 

M Squared, Inc. 

3000 Northwoods Pkwy, Ste 110 
Norcross, Georgia 30071 

Phone (404) 447-6124 

Fax (404) 447-0422 


Illinois 

Beta Technology Sales, Inc. 
1009 Hawthorn Drive 
Itasca, Illinois 60143 
Telephone: (708) 250-9586 
Fax: (708) 250-9592 
Northern Illinois 


QDC 

8204 W. 100th Terrace 
Overland, Kansas 66212 
Telephone: (913) 341-2214 
Fax: (913) 642-5841 
Southern Illinois 


Indiana | 

STB & Associates | 

1980 E. 116th Street, Suite 120-A 
1980 Stratford Center 

Carmel, Indiana 46032 © 
Telephone: (317) 844-9227 

Fax: (317) 844-1904 


Iowa 

~QDC 

8204 W. 100th Terrace 
Overland, Kansas 66212 
Telephone: (913) 341-2214 
Fax: (913) 642-5841 


Kansas 


QDC 


8204 W. 100th Terrace 


Overland, Kansas 66212 


Telephone: (913) 341-2214 
Fax: (913) 642-5841 | 


Louisiana 

Mil-Rep Associates, Inc. 
6111 FM1960 W, #213 » 
Houston, Texas 77069 
Telephone: (713) 444-2557 
Fax: (713) 444-2751 


Maine 

New Tech Solutions, Inc. 

111 South Bedford St., Suite 102 
Burlington, Massachusetts 01803 
Telephone: (617) 229-8888 

Fax: (617) 229-1614 


Maryland 

Third Wave Solutions, Inc. 
8335H Guilford Road 
Columbia, Maryland 21046 


-Telephone:. (410) 290-5990 


Fax: (410) 381-5846 


Massachusetts 

New Tech Solutions, Inc. | 
111 South Bedford St., Suite 102 
Burlington, Massachusetts 01803 
Telephone: (617) 229-8888 

Fax: (617) 229-1614 


Michigan 

Horizon Technical Sales 

240 James Street | 
Bensenville, IL 60106 | 
Telephone: (708) 860-7900 © 
Fax: (708) 350-2836 


Minnesota 

Russell and Associates 
8030 Cedar Avenue South, Ste 114 
Minneapolis, Minnesota 55420 
Telephone: (612) 854-1166 
Fax: (612) 854-6799 | : 
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Missouri 


— QDC 

8204 W. 100th Terrace 
Overland, Kansas 66212 
Telephone: (913) 341-2214 
Fax: (913) 642-5841 


Nebraska 

QDC 

8204 W. 100th Terrace 
Overland, Kansas 66212 
Telephone: (913) 341-2214 
Fax: (913) 642-5841 


New Hampshire 

New Tech Solutions, Inc. | 

111 South Bedford St., Suite 102 
Burlington, Massachusetts 01803 
Telephone: (617) 229-8888 
Fax: (617) 229-1614 


_ New Jersey 

S-J Mid-Atlantic, Inc. 

_131-D Gaither Drive 

Mt. Laurel, New Jersey 08054 
Telephone: (609) 866-1234 — 

Fax: (609) 866-8627 

South Jersey (within area code 609) 


S-J Associates, Inc. 

265 Sunrise Highway 

Rockville Centre, New York 11570 
Telephone: (516) 536-4242 

Fax: (516) 536-9638 | 

North Jersey (within area code 201) 


New Mexico 

Reptronix, Inc. 

-237-C Eubank Boulevard — 
Albuquerque, New Mexico. 87123 
Telephone: (505) 292-1718 

Fax: (505) 299-1611 


Level One Sales Locations 


New York 

S-J Associates, Inc. 

265 Sunrise Highway 

Rockville Centre, New York 11570 
Telephone: (516) 536-4242 

Fax: (516) 536-9638 


S-J Upstate New York 

3547 West Lake Road 
Canandaigua, New York 14424 
Telephone: (716) 394-3281 
Fax: (716) 394-1139 


North Carolina 

M Squared, Inc. 

1200 Trinity Road | 
Raleigh, North Carolina 27607 
Telephone: (919) 851-0010 
Fax: (919) 851-6620 


North Dakota 

Russell and Associates 

8030 Cedar Avenue South, Ste 114 
Minneapolis, Minnesota 55420 
Telephone: (612) 854-1166 

Fax: (612) 854-6799 


Ohio | 
S-J Associates, Inc. 
6809 Night Vista Drive 


- Parma, Ohio 44129 


Telephone: (216) 888-7004 
Fax: (216) 888-7010 


S-J Associates, Midwest 

7760 Olentangy River Rd., Suite 119 
Columbus, Ohio 43235 

Telephone: (614) 885-6700 

Fax: (614) 885-6701 


Oklahoma 

Mil-Rep Associates, Inc. 

1701 N. Greenville Ave., #1008 
Richardson, Texas 75081 
Telephone: (214) 644-6731 
Fax: (214) 644-8161 


8-3 





Level One Sales Locations 





Oregon 

Matrex Marketing & Sales 
11140 S.W. Pacific Highway 
Portland, Oregon 97219 
Telephone: (503) 245-8080 
Fax: (503) 246-1848 


Pennsylvania 

S-J Mid-Atlantic, Inc. 

131-D Gaither Drive 

Mt. Laurel, New Jersey 08054 
Telephone: (609) 866-1234 

Fax: (609) 866-8627 

Philadelphia & within area code 215 


Puerto Rico 
EIR, Inc. 3 | 
_ 1057 Maitland Center Commons 
Maitland, Florida 32751 | 
Telephone: (407) 660-9600 
Fax: (407) 660-9091 


Rhode Island 

_ New Tech Solutions, Inc. 

111 South Bedford St., Suite 102 
Burlington, Massachusetts 01803 — 
- Telephone: (617) 229-8888 

Fax: (617) 229-1614 


South Dakota 

Russell and Associates | 
8030 Cedar Avenue South, Ste 114 
Minneapolis, Minnesota 55420 
Telephone: (612) 854-1166 

Fax: (612) 854-6799 


Tennessee 

M Squared, Inc. 

1910 Sparkman Drive 
Huntsville, Alabama 35816 
Phone (205) 830-0498 

Fax (205) 837-7049 
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Texas 


Mil-Rep Associates, Inc. 
9430 Research Boulevard 
Building IV, Suite 140 
Austin, Texas 78759 
Telephone: (512) 346-6331 
Fax: (512) 346-1975 


Mil-Rep Associates, Inc. 
6111 FM1960 W, #213 
Houston, Texas 77069 
Telephone: (713) 444-2557 
Fax: (713) 444-2751 


Mil-Rep Associates, Inc. 
1755 N. Collins, # 215 
Richardson, Texas 75080 
Telephone: (214) 644-6731 
Fax: (214) 644-8161 


Utah 

Thorson Rocky Mountain, Inc. 
1831 E. Fort Union Blvd., #103 
Salt Lake City, UT 84121 
Telephone: (801) 942-1683 
Fax: (801) 942-1694 


Vermont , 

New Tech Solutions, Inc. 

111 South Bedford St., Suite 102 — 
Burlington, Massachusetts 01803 
Telephone: (617) 229-8888 

Fax: (617) 229-1614 


Virginia 

Third Wave Solutions, Inc. 
8335H Guilford Road — 
Columbia, Maryland 21046 
Telephone: (410) 290-5990 
Fax: (410) 381-5846 


Washington 

Matrex Marketing & Sales 
4675 150th Place S.E. 
Bellevue, Washington 98006 
Telephone: (206) 643-0363 
Fax: (206) 746-3672 
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Wisconsin | | British Columbia 
Beta Technology Sales, Inc. Electro Source, Inc. 
9401 W. Beloit Rd. Suite 409 6875 Royal Oak Avenue 
Milwaukee, Wisconsin 53227 Burnaby, British Columbia V5J 4J3 
Telephone: (414) 543-6609 Telephone: (604) 435-2533 
Fax: (414) 543-9288 Fax: (604) 435-2538 
Eastern Wisconsin 

Ontario 
Russell and Associates Electro Source, Inc. 
8030 Cedar Avenue South, Ste 114 300 March Road, Suite 203 
Minneapolis, Minnesota 55420 Kanata, Ontario K2K 2E2 
Telephone: (612) 854-1166 Telephone: (613) 592-3214 
Fax: (612) 854-6799 | Fax: (813) 592-4256 


Western Wisconsin 
Electro Source, Inc. 
230 Galaxy Boulevard 
Rexdale, Ontario M9W 5R8 
Telephone: (416) 675-4490 
Fax: (416) 675-6871 


Quebec 

Electro Source, Inc. 

6600 Trans-Canada Highway, # 420 
Point Claire, Quebec H9R 482 
Telephone: (514) 630-7486 

Fax: (514) 630-7421 
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Alabama 

Pioneer Technologies Group 
4835 University Square, #5 
Huntsville, Alabama 35816 
Telephone: (205) 837-9300 
Fax: (205) 837-9358 | 


Arizona 


Added Value Electronics Distribution, Inc. 


7741 E. Gray Rd., Suite #9 
Scottsdale, Arizona 85260 
Telephone: (602) 951-9788 
Fax: (602) 951-4182 


California (Southern) 


Added Value Electronics Distribution, Inc. 


5752 Oberlin Drive, Suite 105 
San Diego, California 92121 
Telephone: (619) 558-8890 
Fax: (619) 558-3018 


Added Value Electronics Distribution, Inc. 


(14192 Chambers Road 
- Tustin, California 92680 
Telephone: (714) 573-5000 
Fax: (714) 573-5050 


Added Value Electronics Distribution, Inc. 


1545 E. Acequia, Suite A 
Visalia, California 93291 
Telephone: (209) 734-8861 
Fax: (209) 734-8865 


California (Northern) 
Merit Electronics _ 

2070 Ringwood Avenue 
San Jose, California 95131 
Telephone: (408) 434-0800 
Fax: (408) 434-0935 


Colorado 


Added Value Electronics Distribution, Inc. 


4090 Youngfield Street 

Wheat Ridge, Colorado 80033 
Telephone: (303) 422-1701 
Fax: (303) 422-2529 
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Connecticut . 

Phase 1 Technology Corporation 
36A Padanaram Road | 
Danbury, Connecticut 06811 
Telephone: (203) 791-9042 

Fax: (203) 790-6128 


Florida 

Pioneer Technologies Group 

337 S. Northlake Blvd., #1000 
Altamonte Springs, Florida 32701 
Telephone: (407) 834-9090 

Fax: (407) 834-0865 


Pioneer Technologies Group 
674 South Military Trail 
Deerfield Beach, Florida 33442 
Telephone: (305) 428-8877 
Fax: (305) 481-2950 


Georgia 

Pioneer Technologies Group 
4250 C Rivergreen Parkway 
Duluth, Georgia 30136 
Telephone: (404) 623-1003 


~ Fax: (404) 623-0665 


Illinois 

Components, Inc. 

1989 J University Lane 
Lisle, Illinois 60532 
Telephone: (708) 852-7707 
Fax: (708) 852-0263 


Maryland 

Pioneer Technologies 

9100 Gaither Road 
Gaithersburg, Maryland 20877 
Telephone: (301) 921-0660 
Fax: (301) 921-4255 


Massachusetts 

North Star Electronics 

100 Research Drive 

Wilmington, Massachusetts 01887 
Telephone: (508) 657-5155 

Fax: (508) 657-6559 | 
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Minnesota 

Voyager Electronics Corporation 
5201 East River Road, Suite 303 
Fridley, Minnesota 55421 
Telephone: (612) 571-7766 

Fax: (612) 571-9519 


New Jersey 

GCI Corporation 

245-D Clifton Avenue 

West Berlin, New Jersey 08901 
Telephone: (609) 768-6767 
Fax: (609) 768-3649 


Phase 1 Technology Corporation 
295 Molnar Drive 

Elmwood Park, New Jersey 07407 
Telephone: (201) 791-2990 

Fax: (201) 791-2552 


New York 

Phase 1 Technology Corporation 
46 Jefryn Boulevard 

Deer Park, New York 11729 
Telephone: (516) 254-2600 

Fax: (516) 254-2695 


North Star Electronics 

30 Wilshire Road 

Rochester, New York 14618 
Telephone: (716) 244-9846 
Fax: (716) 244-9846 


North Carolina 

Pioneer Technologies Group 

_ 2200 Gateway Centre Blvd., Ste. 215 
Morrisville, North Carolina 27560 
Telephone: (919) 460-1530 

Fax: (919) 460-1540 
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Texas 


Level One Sales Locations 


LCD Electronics, Inc. 

1411 LeMay Drive, Suite 107 
Carrollton, Texas 75007 
Telephone: (214) 245-0600 
Fax: (214) 245-0342 


Utah 


AVED Inc. 

1836 Parkway Blvd. 

West Valley City, Utah 84119 
Telephone: (801) 975-9500 
Fax: (801) 977-0245 





Valtrie Marketing, Inc. 
226 Galaxie Boulevard 


Rexdale, Ontario M9W 5R8 
Telephone: (416) 798-2555 
Fax: (416) 798-2560 





Western Area 

1999 S. Bascom Ave, Suite 700 
Campbell, California 95008 
Telephone: (408) 879-2627 
Fax: (408) 377-8876 


Central Area 

2340 E. Trinity Mills Rd., Suite 306 
Carrollton, Texas 75006 
Telephone: (214) 418-2956 

Fax: (214) 418-2985 


Southeastern Area 

9240 SW 72nd St., Suite 211 
Miami, Florida 33173 
Telephone: (305) 271-3577 
Fax: (305) 271-3381 


~ Northeastern Area 


6 New England Executive Park, Suite 5 
Burlington, Massachusetts 

Telephone: (617) 229-7320 

Fax: (617) 229-7369 
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Level One Europe Headquarters 
3 chemin du Magdelon | 
37380 Crotelles, France — 
Telephone: (33) 47 55 08 80 

Fax: (33) 47 55 06 32 


Austria 

Austria Mikro Systeme Int'l AG 
Schloss Premstatten _ 

A-8141 Unterpremstatten, Austria 
Telephone: (43) 03136-500 

Fax: (43) 03136-500 491 


Belgium 

Tekelec Belgium N. V. 
Bergensesteenweg 501 

- B-1500 Halle, Belgium 
Telephone: (32) 2-360-1288 
Fax: (32) 2-360-3807 _ 
Belgium & Luxembourg 


England — 

- Sales Representatives 
Cedar Technologies 
The Old Water Works 


Howes Lane, Bicester Oxfordshire OX6 8XF 


England | 
Telephone: (44) 869 322366 
Fax: (44) 869 322377 


Cedar Technologies 

62 The Muirs, Kinross 
KY13 7AU England 
Telephone: (44) 577 864441 
Fax: (44) 577 864882 | 


- Distributors 

Silicon Concepts Ltd. 

PEC Lynchborough Rd, Passfield 
Hampshire, GU30 7SB England 
‘Telephone: (44) 428 751617 
Fax: (44) 428 751603 
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England 


_- Distributors (continued) 


Silicon Concepts Ltd. — 
Meridale, Welsh Street 
Chepstow, Gwent 

NP6 5LR England 
Telephone: (44) 291 62 4101 
Fax: (44) 291 62 9878 


France 
- Sales Representative 


_ Reptronics, sa 


1 Bis, Rue Marcel Paul 


Bat. B, Z.I La Bonde 


91300 Massy, France | 
Telephone: (33) 1-60-13-9300 
Fax: (33) 1-60-13-9198 


- Distributor 

AVNET Composants | 

79, Rue Pierre-Sémard - B.P. 90 
92322 Chatillon Cedex, France 
Telephone: (33) 1-49-65-25-00 


— Fax: (33) 1-49-65-25-39 


Germany 
- Sales Representatives | 


_ Topas Electronic 


Striehlstrasse 18 

30159 Hannover, Germany 
Telephone: (49) 511-131217 | 
Fax: (49) 511-131216 


Topas Electronic 

Max Weber Strasse 16 
D-2085 Quickborn, Germany 
Telephone: (49) 4106-73097 
Fax: (49) 4106-73378 


- Distributors 

Scantec 

Behringstrasse 10 

82152 Planegg, Germany 
Telephone: (49) 89-8598021 
Fax: (49) 89-8576574 


LEVEL 
ONE 


E 





Germany 

- Distributors (continued) 
Scantec 

Fliedersteig 28 

8501. Ruckersdorf, Germany 
Telephone: (49) 911-579529 
Fax: (49) 911-576829 


Scantec 

Tannenberg Str. 103 

73230 Kirchheim/Teck, Germany 
Telephone: (49) 7021-83094 © 
Fax: (49) 7021-82568 


Italy 

Consystem 

Viale Lombardia 20 

20095 Cusano Milanino, Italy 
Telephone: (39) 2664 00153 
Fax: (39) 2664 00339 


Netherlands 

Tekelec Airtronic 

P.O. Box 63, Industrieweg 8A 
2712 LB, Zoetermeer, Netherlands 
Telephone: (31) 79-310100 

Fax: (31) 79-417504 


Portugal 

- Sales Representative 
Componenta, LDA 

R. Luis de Camoes, 128 
1300 Lisboa, Portugal 
Telephone: (351) 1-3621283 
Fax: (351) 1-3637655 


- Distributor 

Amitron-Arrow Electronica LDA 
Quinta Grande, Lote 20 
Alfragide 

2700 Amadora, Portugal 
Telephone: (351) 1-4714806 
Fax: (351) 1-4710802 
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Spain 

Amitron 

Avenida De Valladolid, 47D 
28008 Madrid, Spain 
Telephone: (34) 1 542 09 06 
Fax: (34) 1 559 0809 


Switzerland 

Eurodis Primotec AG 
Tafernstrasse 37 

CH-5405 Baden-Dattwil 
Telephone: (41) 56-84 01 71 
Fax: (41) 56-83 34 54 


Turkey 

- Sales Representative 

Inter Miihendislik Danismanlik 
vd Ticaret, A.S. 
Hasircibasi Caddesi No: 55 
81310 Kadikéy, Istanbul, Turkey 
Telephone: (90) 1-349 9400 
Fax: (90) 1-349-9430 


- Distributor 

INTEREX 

1291 E. Hillsdale Blvd, # 203A 
Foster City, CA 94404 USA 
Telephone: (415) 574-0767 
Fax: (415) 574-3764 


Scandinavia 
Sales Representative 
RepDelco A/S 
Titangade 15 
DK-2200 Copenhagen N, Denmark 
Telephone: (45) 3582 1200 
Fax: (45) 3582 1205 


Distributors. 

Denmark | 
E.V. Johanssen Elektronik A/S 
Titangade 15 

DK-2200 Copenhagen N, Denmark 
Telephone: (45) 31 83 90 22 

Fax: (45) 31 83 92 22 





Level One Sales Locations 


Finland 

Komdel OY/Bexab Finland OY 
Sinimdentie 10C, PL 51 

02631 Espoo, Finland 
Telephone: (358) 0 502 3200 
Fax: (358) 0 502 3294 : 


Norway 

_ Bexab Norge A/S 

Slynga 2, Box 3 

2001 Lillestrom, Norway 
Telephone: (47) 63 83 3800 
Fax: (47) 63 83 2007 


Sweden 

Bexab Sweden AB 
Kemistvigen 10A, Box 523 
S-183 25 Taiby, Sweden — 
Telephone: (46) 8 630 88 00 
Fax: (46) 8 732 70 58 


S.E.A. & R.O.W. 
Level One S.E.A / R.O.W. Hcsauaen 
105 Lake Forest Way 
Folsom, California 95630 
Telephone: (916) 985-3670 
Fax: (916) 985-3512 


Australia 

Multi Electronics 

47 Talavera Road 

~ North Ryde, NSW, Australia 2113 
— Telephone: (61) 2-805-1055 

Fax: (61) 2-805-0583 


China 
Leadertronics Company 


Room 401, Aviation Science & eee Bldg. 


45 Caoxi Bei Road | 

Shanghai, P.R.C. 200030 
Telephone: (21) 439-7490, Ext. 541 
Fax: (21) 438-9955 


India 

Interex India . 

1372 A 31st "B" Cross 

4th "T" Block, Jayanagar 
Bangalore 560 041, India 
Telephone: (91) 80-6-647-770 
Fax: (91) 80-6-663-2703 
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Hong Kong 

Leadertronics Company 

Unit 1706-07, 17/F, Hewlett Centre 
52-54 Hoi Yuen Road, 

Kwun Tong, Kowloon, Hong Kong 
Telephone: (852) 389-0800 | 

Fax: (852) 797-8429 


Israel 

Seg Tec 

3 Hametsuda Street, Industrial Park 
Azur 58001, Israel 

Telephone: (972) 3-556-7458 
Fax: (972) 3-556-9490 


Japan 

Macnica 

Hakusan High-tech Park 

1-22-2 Hakusan-cho, Midori-ku | 
Yokohama, 226 Japan 
Telephone: (81) 45-939-6140 
Fax: (81) 45-939-6141 


Korea 

Sunin Technology Inc. 

Room 1901, SAMKOO Building, 
16-49 HANKANGRO-3KA 
Seoul, Korea 

Telephone: (82) 2-705-0852 
Fax: (82) 2-705-0856 


Singapore 

Serial System PTE Ltd 

11, Jalan Mesin, #06-00 

Standard Industrial Building, 
Singapore 1336 

Telephone: (65) 2800 200 

Fax: (65) 2861 812; (65) 2866 723 


Taiwan 
Jeritronics, Ltd. | 
Floor 7B, No. 267, Sec. 3 


_Cheng-Teh Road 


Taipei, Taiwan, ROC 


— Telephone: (886) 2-5851636 


Fax: (886) 2-5864736 


Rest of World 

INTEREX _ | 

1291 E. Hillsdale Blvd, # 203A 
Foster City, California 94404 USA | 


Telephone: (415) 574-0767 


Fax: (415) 574-3764 | (c aes 
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